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Abstract 
INTRODUCTION 
The prevalence of cataract in older populations, and longer life expectancy, means 
there will be an increasing number of older Australians with cataract on our roads. 
Conditions that diminish sight have a significant impact on the driving ability and 
safety of older drivers as they seek to maintain their quality of life and independence.  
This prospective longitudinal cohort study examined older drivers before first eye, 
after first eye, and after second eye cataract surgery, which allowed for an in depth 
exploration of how objective visual measures (including visual acuity, contrast 
sensitivity, and stereopsis) and other factors affect driving habits, adverse events and 
driver self-regulation using objective and naturalistic methods. In this study, driving 
self-regulation practices were defined as the modification of habitual driving practices, 
patterns, exposure and/or habits. The majority of previous studies that have analysed 
the effects of cataract surgery on driving outcomes have combined participants who 
underwent only first, second or both eyes surgeries in their analyses and were therefore 
unable to determine the specific effects of first and second eye surgery separately. 
Furthermore, there is a lack of information about the specific effects of first and second 
eye cataract surgery on driver self-regulation practices, as measured by naturalistic 
driving technology. 
The rich data from this project furthered our understanding of appropriate fitness to 
drive assessments for older drivers with bilateral cataract as they progressed through 
first and second eye surgery. 
AIM  
Overall, this study aimed to gain a better understanding of the impact of first and 
second eye cataract surgery on naturalistic measures of driver self-regulation practices 
and to determine which changes in objective measures of vision are associated with 
driver self-regulation practices throughout the cataract surgery process (before first 
eye, after first eye, and after second eye cataract surgery). Also, an examination of the 
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association between driving habits, adverse events, driver self-regulation and objective 
visual measures before first eye cataract surgery was undertaken. 
OBJECTIVES 
1) To undertake a comprehensive literature review on cataract/cataract surgery 
and driving. 
2) To compare self-reported information obtained from a travel diary and 
naturalistic measured data using an in-vehicle driver monitoring device on driving 
exposure, habits, and practices in older drivers with bilateral cataract as they await first 
eye cataract surgery. 
3) To measure the naturalistic driving exposure, habits and adverse events of older 
drivers with bilateral cataract who were awaiting first eye cataract surgery and to 
determine the factors associated with driving exposure. 
4) To analyse the association between objective measures of vision (visual acuity, 
contrast sensitivity, and stereopsis), and driver self-regulation practices in bilateral 
cataract patients using a combination of naturalistic driving methods and self-reported 
data, as they wait for first eye cataract surgery. 
5) To determine the separate impact of first and second eye cataract surgery on 
driver self-regulation status for bilateral cataract patients. 
6) To determine which changes in objective measures of vision are associated 
with changes in driver self-regulation status throughout the cataract surgery process. 
METHODS 
Study design 
A three year prospective longitudinal cohort study of older drivers with bilateral 
cataract was undertaken from December 2014 to February 2017. One hundred and 
eleven participants on the wait list for first eye cataract surgery were recruited from 
three public hospitals in Western Australia (Fremantle Hospital, Royal Perth Hospital 
and Sir Charles Gairdner Hospital) through two methods: direct invitation from 
ophthalmologists during their visit to the eye clinic or an invitation letter from the 
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researcher. The inclusion criteria were: a diagnosis of bilateral cataract; being on the 
wait list for first eye cataract surgery; aged 55+ years; a current Western Australian 
drivers licence; living in the Perth metropolitan area; and driving at least twice a week. 
Exclusion criteria for participants were: a diagnosis of any significant eye conditions 
such as macular degeneration, glaucoma or diabetic retinopathy; undergoing combined 
ocular surgery; having a cognitive impairment; a diagnosis of dementia, Alzheimer’s 
disease, Parkinson’s disease or physical impairment (e.g., wheelchair users); did not 
communicate in English or had previous cataract surgery.  
Each participant was assessed at three time points: in the month before cataract 
surgery, at least one to three months after first eye cataract surgery and at least one 
month after second eye cataract surgery. Fifty-five participants completed the three 
assessments.  
Data Collection 
Participants received a Participant Information Sheet and provided written informed 
consent before any data were collected, following the tenets of the Declaration of 
Helsinki. Ethics approval was obtained from Curtin University and the three 
participating hospitals.  
At each of the three assessments, identical researcher administered questionnaires 
collecting information about participants’ sociodemographic and health information 
were administered. Participants’ cognitive function was also assessed by the Mini-
Mental-State Examination and the Useful Field of View to assess general cognitive 
function and higher order attentional skills.  
Three objective visual tests were administered by the researcher at each of the 
assessments, which included visual acuity, contrast sensitivity, and stereopsis. The 
researcher received training by an ophthalmologist in order to administer the visual 
tests. A standardised protocol was followed to ensure that visual testing was 
administered under standard conditions at each assessment. Visual testing was 
administered under constant luminance and without mydriasis each time. A light meter 
was used to ensure that light was kept constant and tape measures were used to ensure 
that participants were reading the charts at the required distance. Participants’ habitual 
correction was used for visual testing.  
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Participants’ self-reported driving habits and self-regulation practices were assessed 
using the Driving Habits Questionnaire, which has been previously validated for use 
among a population of older drivers with bilateral cataract in Western Australia.  
Participants were also provided with a travel diary they were required to fill in after 
each trip they drove as the driver, and an in-vehicle monitoring device that collected 
naturalistic driving data for a period of 7 days. Driving outcome measures that were 
collected included a variety of time-stamped second-by-second GPS data, such as date 
of travel, start and finish time of trips, number of trips, number of kilometres travelled, 
duration, average and maximum radius of driving exposure, speed, location, type of 
roads used (e.g., freeways, highways, heavy traffic roads), and time of day (e.g., day 
time, night time, sunset, sunrise, peak hour traffic, off peak hours). 
Data obtained from the travel diary and the in-vehicle monitoring devices were 
compared to measure the agreement between both measures. Additionally, the data 
obtained by the Driving Habits Questionnaire and the in-vehicle monitoring devices 
were compared. Four driving situations obtained by the Driving Habits Questionnaire 
were selected, as they could be directly compared to the information obtained from the 
in-vehicle monitoring device. These four situations were used to classify participants 
as either self-regulating or non self-regulating their driving in each situation. These 
situations included “driving on highways/freeways”, “on heavy traffic roads”, “in peak 
hour traffic”, and “night time driving”. Each of the four driving situations were 
examined separately to determine if participants’ self-regulated their driving in that 
situation. All four situations were then examined together and participants were 
classified as a “self-regulator” if they self-regulated their driving behaviour in at least 
one of the four driving situations. Otherwise, they were considered to be a “non self-
regulator”.  
Statistical Analysis 
Descriptive statistics were used to summarise the sociodemographic characteristics, as 
well as the health, visual, cognitive and driving characteristics of the cohort, at baseline 
and after both, first and second eye cataract surgery. Inferential statistics were used to 
assess changes among all variables of interest throughout the cataract surgery process.  
Paired-samples t-tests were used to compare the differences obtained by the travel 
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diaries and in-vehicle monitoring devices, in terms of kilometres driven, number of 
trips, driving duration in minutes and number of trips driven on the weekends, during 
peak hour traffic, at night time and for overall driving.  
Independent sample t-tests for continuous outcomes (age, driving experience, number 
of comorbidities, number of medications, Mini-Mental State Examination score, 
Useful Field of View score, number of trips, kilometres travelled, number of days 
driven, driving duration and maximum excursion radius from home) and chi-squared 
tests for categorical outcomes (gender, marital status, living arrangements and level of 
education) were used to compare the characteristics of the participants classified as 
self-regulators and non-self-regulators in terms of sociodemographic data, health 
status, driving characteristics, cognitive abilities, and objective visual measures.  
Cohen’s Kappa coefficient was used to measure the relative agreement between the 
information obtained from the self-reported Driving Habits Questionnaire and the in-
vehicle monitoring devices. One-way repeated measures of analysis of variance 
(ANOVA) were used to measure the changes in the three objective measures of vision 
before first eye surgery, after first and after second eye cataract surgery. Cochran Q 
tests were used to analyse the changes in driver self-regulation status before first eye 
surgery, and after both first and second eye cataract surgery in the following driving 
situations: on heavy traffic roads, at night time, on the freeway and on heavy traffic 
roads.  
A simple multiple linear regression was undertaken to determine whether there was an 
association between the three objective measures of vision (binocular visual acuity, 
binocular contrast sensitivity and stereopsis) and driving exposure before first eye 
cataract surgery. A multivariate logistic regression was also undertaken to analyse the 
association between driver self-regulation status and the three objective measures of 
vision before first eye cataract surgery.  
Two separate Generalised Estimating Equation logistic models were undertaken to 
analyse the changes in self-regulation status before first eye cataract surgery, after first 
and second eye cataract surgery, and to determine which changes in the three objective 
measures of vision were associated with driving self-regulation status.  
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RESULTS 
Six hundred and forty-five patients on the waitlist for first eye cataract surgery were 
reviewed for eligibility. Among those, 381 patients were immediately excluded, and 
153 eligible participants declined participation. A total of 111 older drivers with 
bilateral cataract were recruited, of whom 55 completed all three assessments. The 55 
participants had a mean age of 73.3 years (SD = 7.8) with 38.2% aged 65 to 74 years.  
The results found that there were significant improvements in better eye, worse eye 
and binocular visual acuity after first and second eye cataract surgery (p < 0.001). 
Additionally, better eye, worse eye and binocular contrast sensitivity significantly 
improved after first and second eye cataract surgery (p < 0.001). However, stereopsis 
worsened after first eye cataract surgery, but improved after second eye cataract 
surgery (p = 0.002). 
Significant differences were found between the travel diaries and objective data 
obtained from the in-vehicles monitoring devices. Older drivers significantly 
underestimated the number of overall trips (p < 0.001), weekend trips (p = 0.002) and 
trips during peak hours (p = 0.004). Participants also significantly overestimated 
overall (p < 0.001) and weekend driving duration (p = 0.003) in comparison to the data 
collected by the in-vehicles monitoring devices. However, there were no significant 
differences between the travel diaries and the naturalistic driving data in terms of 
kilometres travelled.  
Ninety-two percent of participants drove during the 7 days period of data collection 
before first eye cataract surgery. At baseline, participants drove an average of 4.40 
days and an overall distance of 115.8 kilometres, and made an average of 15.6 trips 
per week. Participants’ maximum radius distance travelled from home was 14.1 
kilometres. In addition, 41% of participants self-regulated their driving in at least one 
challenging situation before first eye cataract surgery, limiting significantly their 
mobility. The most commonly avoided situation was driving during night time (31%). 
Nearly 10 percent of those who did not meet the minimum visual standards for driving 
in Western Australia before first eye cataract surgery did not self-regulate their driving. 
Contrast sensitivity was the only objective measure of vision significantly associated 
with self-regulation practices, including driving exposure and avoiding driving in 
challenging situations before first eye cataract surgery. Older drivers who had poorer 
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binocular contrast sensitivity drove fewer kilometres per week prior to first eye 
cataract surgery and were more likely to avoiding driving in specific challenging 
situations than older drivers with better contrast sensitivity.  
There was also a significant reduction in driver self-regulation practices after both first 
and second eye cataract surgery in comparison to the month before first eye cataract 
surgery. The odds of being a self-regulator in at least one driving situation significantly 
decreased by 70% after first eye cataract surgery (OR: 0.3, 95% CI: 0.1–0.7) and by 
90% after second eye surgery (OR: 0.1, 95% CI: 0.1–0.4), compared to the odds before 
first eye surgery. Improvement in contrast sensitivity after cataract surgery was 
significantly associated with decreased odds of self-regulation (OR: 0.02, 95% CI: 
0.01–0.4). 
CONCLUSIONS 
The results of this comprehensive study have provided a better understand of the 
association between objective visual measures, and real time driving behaviour 
throughout the cataract surgery process, using in-vehicle driver monitoring. It also 
validated the combined used of self-report Driving Habits Questionnaire with the in-
vehicle monitoring devices, which will be more effective for monitoring patient-
reported measures, now an important part of outcomes research. The majority of 
studies analysing the effects of cataract surgery on driving outcomes were based on 
self-reported questionnaires and combined participants who underwent first, second or 
both eye cataract surgery in their analyses. As a consequence, little is known about the 
self-regulation practices of older drivers with bilateral cataract while waiting for first 
and second eye cataract surgery. This is the first study to examine the specific effects 
of first and second eye cataract surgery on driving habits, adverse events and driver 
self-regulation using objective and naturalistic methods. 
This study found that both first and second eye cataract surgery have a positive impact 
on driving outcomes and, therefore, on-road safety. As the population ages, there will 
be an increasing number of older drivers with cataract on the roads. Measures need to 
be taken to ensure that cataract can be funded in a timely manner to avoid costs 
associated with crashes and injuries. The findings suggest that clinicians could play a 
crucial role in ensuring their patients limit their driving by using self-regulation 
practices while waiting for first and second eye cataract surgery, to improve their 
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safety and the safety of other road users. The findings also suggest that road safety, 
policy makers and licensing authorities could benefit from using contrast sensitivity 
tests, in addition to visual acuity tests traditionally used, to improve road safety. 
However, further research should determine why some older drivers are not self-
regulating their driving while waiting for cataract surgery and how older drivers with 
bilateral cataract could benefit from self-education programs promoting the use of self-
regulation strategies. 
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Chapter 1 Introduction 
1.1 Background 
Older drivers represent the fastest-growing segment of the driving population 
(National Center for Statistics and Analysis, 2017). As the proportion of older 
individuals are living longer and healthier lives (Australian Institute of Health and 
Welfare, 2015), it is expected that the number of older drivers on the roads will 
increase further, which will have significant impacts on-road safety, policy makers and 
transport providers (Luiu, Tight, & Burrow, 2017).  
Driving a car remains the main transport mode among the older population in 
developed countries such as Australia (Zeitler & Buys, 2015) and will continue to be 
among the future generations of older drivers (Currie & Delbosc, 2010). It contributes 
to older adults’ mobility, flexibility and independence, and plays a significant role in 
maintaining their lifestyle (Gwyther & Holland, 2012) and quality of life (Zeitler & 
Buys, 2015). Access to a car has also been associated with overall transport satisfaction 
(Olsen, Macdonald, & Ellaway, 2017), and driving cessation has been associated with 
poorer health, cognitive social and physical function, as well as increased risk of 
depression, mortality, and admissions to long term care facilities (Chihuri et al., 2016).  
As people age, medical conditions such as cataract are also becoming more common 
(Michael & Bron, 2011). Cataract is one of the leading causes of visual impairment 
globally, accounting for 33% of vision-related problems (Pascolini & Mariotti, 2012). 
Cataract can affect multiple aspects of vision such as visual acuity, contrast sensitivity 
(Helbostad et al., 2013; Shandiz et al., 2011) and stereopsis (Helbostad et al., 2013), 
and a growing body of evidence suggests that older drivers with cataract are less safe 
to drive (Owsley, Stalvey, Wells, & Sloane, 1999; Owsley, Stalvey, Wells, Sloane, & 
McGwin, 2001). However, unlike other conditions of ageing, cataract can be easily 
corrected by surgery, which has been shown to reduce crash risk by 12.7% in the year 
after first eye surgery (Meuleners, Hendrie, Lee, Ng, & Morlet, 2012a). In Australia 
however, public hospital patients often wait an average of 93 days before cataract 
surgery and 2.5% of patients have to wait long periods of more than 12 months 
(Australian Institute of Health and Welfare, 2016) generating concern among road 
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safety and licensing authorities about the impact of unoperated cataract on driving 
exposure and ability.  
As a consequence of their impaired vision older drivers with cataract may self-regulate 
their driving and restrict it to specific self-identified situations which they consider as 
safe (Sullivan, Smith, Horswill, & Lurie-Beck, 2011). Driving self-regulation is a 
multidimensional (Molnar et al., 2014) and complex process (Molnar et al., 2013b; 
Wong, Smith, & Sullivan, 2016a), which has been described as a positive coping 
strategy to minimise driving risk (Gwyther & Holland, 2012). These practices might 
involve avoiding driving in challenging situations and/or reducing the number of 
kilometres and trips made (e.g., Baldock, Mathias, McLean, & Berndt, 2006; Ball et 
al., 1998; Fraser, Meuleners, Ng, & Morlet, 2013c; Molnar & Eby, 2008; Owsley et 
al., 1999). It has also been found that reduced contrast sensitivity (Keay et al., 2009), 
as well as poor visual acuity (Lotfipour et al., 2010) may be associated with driver 
self-regulation practices. However, previous research found that a high percentage of 
drivers with visual impairment do not self-regulate their driving (Okonkwo, Crowe, 
Wadley, & Ball, 2008).  
Previous studies examining the effect of cataract and/or cataract surgery on driving 
outcomes have focused on self-reported driving difficulty (e.g., Bevin, Derrett, & 
Molteno, 2004; Castells et al., 1999; Elliott, Patla, Furniss, & Adkin, 2000; 
Mamidipudi, Vasavada, Merchant, Namboodiri, & Ravilla, 2003; McGwin, Scilley, 
Brown, & Owsley, 2003; Mönestam, Lundquist, & Wachtmeister, 2005; Mönestam & 
Lundqvist, 2006; Mönestam & Wachtmeister, 1997; Owsley et al., 1999) and self-
regulation practices (Fraser, et al., 2013c; Owsley et al., 1999) which are limited by 
biases such as recall (Blanchard, Myers, & Porter, 2010) and social desirability (Af 
Wåhlberg, 2010). However, naturalistic studies using in-vehicle monitoring devices, 
which collect detailed Global Positioning System (GPS) information, allow an 
accurate and objective examination of driving outcomes as well as driver self-
regulation. This rich source of information provides a means for assessing the safety 
impact of driving behaviours in an unobtrusive manner. To date, no published study 
has used naturalistic data to explore driving habits, adverse events and driver self-
regulation for older drivers with bilateral cataract before first eye, after first eye, and 
after second eye cataract surgery, which represents a significant gap in the literature.  
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1.2 Rationale 
The prevalence of cataract in older populations (Bourne et al., 2013; Khairallah et al., 
2015; Klein & Klein, 2013; Koo et al., 2013; Pascolini & Mariotti, 2012) and 
increasing life expectancy (Australian Institute of Health and Welfare, 2015; United 
Nations, 2017) means there will be an increasing number of older Australians on our 
roads with cataract. Conditions that diminish sight will have a significant impact on 
the driving ability and safety of older drivers and, consequently, their crash risk as they 
seek to maintain their quality of life and independence. 
This prospective cohort study will examine older drivers before first, after first, and 
after second eye cataract surgery, which will allow an in depth exploration of how 
objective visual measures (including visual acuity, contrast sensitivity, and stereopsis) 
and other factors affect driving habits, adverse events and driver self-regulation using 
objective and naturalistic methods. Furthermore, the majority of previous studies that 
have analysed the effects of cataract surgery on driving outcomes have combined 
participants who underwent only first, second or both eyes surgeries in their analyses 
and were therefore unable to determine the specific effects of first and second eye 
surgery separately.  
 
The rich data from this project will also further our understanding of appropriate 
fitness to drive assessments for older drivers as they progress through first and second 
eye cataract surgery. 
1.3 Aim and Study Objectives  
The overall aim of this research study was to gain an understanding of the impact of 
first and second eye cataract surgery on naturalistic measures of driver self-regulation 
practices, and to determine which changes in objective measures of vision are 
associated with driver self-regulation practices throughout the cataract surgery 
process. 
In addition, an examination of the association between driving habits, adverse events, 
driver self-regulation, and objective visual measures before first eye surgery was 
undertaken. 
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The specific study objectives were: 
1) To undertake a comprehensive literature review on cataract/cataract surgery 
and driving (paper 1). 
2) To compare self-reported information obtained from a travel diary and 
objectively measured data using an in-vehicle driver monitoring device on driving 
exposure, habits and practices in older drivers with bilateral cataract as they await first 
eye cataract surgery (paper 2). 
3) To measure the naturalistic driving exposure, habits and adverse events of older 
drivers with bilateral cataract who were awaiting first eye cataract surgery and to 
determine the factors associated with driving exposure (paper 3) 
4) To analyse the association between objective measures of vision (visual acuity, 
contrast sensitivity and stereopsis), and driver self-regulation practices in bilateral 
cataract patients using a combination of naturalistic driving methods and self-reported 
data, as they wait for first eye cataract surgery (paper 4). 
5) To determine the separate impact of first and second eye cataract surgery on 
driver self-regulation status for bilateral cataract patients (paper 5). 
6) To determine which changes in objective measures of vision are associated 
with changes in driver self-regulation status throughout the cataract surgery process 
(paper 5).  
1.4 Significance of the Study 
Despite the prevalence of cataract among the older population, there is a lack of 
evidence surrounding the impact of bilateral cataract surgery on driving outcomes and 
self-regulation practices for older drivers. Given the ageing population of Australia, 
issues related to the safety of this group as they continue to drive are paramount, 
particularly as older drivers are at higher risk of injury in the event of a crash.  
This prospective cohort study will provide new insights into the complex association 
between objective visual measures (e.g., visual acuity, stereopsis and contrast 
sensitivity) and other factors affecting driving outcomes and self-regulation practices 
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among older drivers with bilateral cataract.  
Gaining a better understanding of the driving situations that are the most challenging 
for older drivers with cataract may enable road safety authorities to implement 
educational interventions promoting the use of self-regulation practices. Findings from 
this prospective cohort study will also enable ophthalmologists to better inform their 
patients about the effects of their vision impairment on driving ability throughout the 
cataract surgery process, and how best to manage these to improve their safety and the 
safety of other road users. The study results will also provide a rationale for first and 
second eye cataract surgery in a timely manner to preserve older drivers’ independence 
and mobility. Future long term benefits may include a reduction in the number of 
deaths and injuries for older drivers with cataract, consequently lessening the burden 
on the Australian health care system. Lastly, the results of this study may provide 
evidence to determine the most effective visual tests required to assess fitness to drive 
among cataract patients. 
1.5 Outline of the Thesis 
The organisation of the thesis is as follows: 
Chapter 2 reviews the existing literature on older drivers, cataract, cataract surgery, 
objective visual measures, driving, driver self-regulation practices, and naturalistic 
driving.  
Chapter 3 describes the methodology used in the study including the study design, 
sample and sample size, recruitment of sample, data collection, study instruments, 
ethics approval, and statistical analyses. 
Chapter 4 presents a published review of the literature on cataract and cataract surgery 
and driving outcomes, and significant gaps in the literature that require further 
research.  
Chapter 5 presents the findings of a published paper comparing the results of older 
drivers with bilateral cataract who completed self-reported travel diaries with 
naturalistic measured driving exposure, habits and adverse events while waiting for 
first eye cataract surgery.  
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Chapter 6 presents a manuscript submitted for publication examining the association 
between objective visual measures and naturalistic measured driving exposure, driving 
habits and adverse events in older drivers with bilateral cataract while waiting for first 
eye cataract surgery. 
Chapter 7 presents the findings of a published paper examining the association 
between objective visual measures and naturalistic measured driver self-regulation 
practices among older drivers with bilateral cataract while waiting for first eye cataract 
surgery. 
Chapter 8 presents the findings of a manuscript accepted for publication which 
examines the specific impacts of both first and second eye cataract surgery on 
naturalistic measured driver self-regulation practices and which measures of vision 
were associated with driver self-regulation status. 
Chapter 9 presents the overall discussion which includes a synthesis of the findings, 
the strength and limitations of the study, recommendations for further research, and 
final conclusions.  
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Chapter 2 Literature Review 
This chapter provides an overview of the current literature on cataract and cataract 
surgery and driving outcomes including driver self-regulation practices, and identifies 
gaps that require further research. Various databases of peer reviewed literature, 
government databases and research engines were searched including Cumulative 
Index to Nursing and Allied Health Literature (CINAHIL), Google Scholar, Medline, 
Ovid, ProQuest, PsycInfo, PubMed, ScienceDirect, Scopus, Taylor & Francis, the 
Cochrane Library, Transport Research International Documentation (TRID), 
SpringerLink, and Web of Science. The following key words were used individually 
and in all possible combinations: cataract, bilateral cataract, cataract surgery, visual 
impairment, visual acuity, contrast sensitivity, stereopsis, vision, driving performance, 
driver self-regulation, crash risk, driving difficulty, driving cessation, driving 
restriction, motor vehicle crash, road crashes, accident, driver, safety, fitness to drive, 
older drivers, ageing population, aged drivers, senior drivers, travel diary, self-reported 
questionnaires, naturalistic driving studies, in-vehicle monitoring devices, Global 
Positioning System, GPS, and cataract surgery. Additional articles were selected from 
cited references included within the articles. All articles in this review originally 
appeared in scientific English language journals, books, theses or government reports, 
and the information was summarised in this chapter. 
The literature review has been divided into five sections. 
Section 2.1 provides some background information on the causes of the increase 
number of older drivers on the roads and the social role played by driving among this 
cohort. 
Section 2.2 provides information on the effects of cataract and first and second eye 
cataract surgery on objective visual measures. 
Section 2.3 provides information on the effects of cataract and first and second eye 
cataract surgery on driving including driving performance, driving difficulties, and 
crash risk. The association between these driving outcomes and objective measures of 
vision before and after first and second eye cataract surgery are reviewed also. 
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Section 2.4 reviews current literature about self-regulation practices, including the 
conceptual framework and factors associated with these practices, and discuss how 
older drivers self-regulate their driving before and after cataract surgery.  
Section 2.5 provides information on naturalistic driving studies and discusses studies 
among older drivers that compared self-reported and objective measures of driving 
outcomes.  
2.1  Older Drivers  
Over the previous decades, a combination of three main factors have contributed to a 
significant increase in the number of older drivers on the roads: the ageing population 
(Austroads, 2016, United Nations, 2017), the increase in licensing rates (Austroads, 
2016, Australian Department of Infrastructure and Regional Development, 2017) and 
the changes in travel demands (Austroads, 2016, Rosenbloom, 2012). For this reason, 
an extensive body of research has been devoted to older drivers in the road safety 
literature during this period of time (e.g. Austroads, 2016). Improvements in road 
safety have been implemented in Australia and considerable efforts have been made 
to achieve the Australian National Road Safety Strategy 2011-2020 target, which aims 
to reduce the number of road deaths and injuries by at least 30% by 2020 (Australian 
Department of Infrastructure and Regional Development, 2014; Australian Transport 
Council, 2011). Older drivers’ demographic and economic changes are already 
impacting the number of road fatalities among older drivers (Australian Department 
of Infrastructure and Regional Development, 2014). It has been estimated that about 
4,000 older drivers aged 65 years and over in Australia are hospitalised annually 
because of a road crash and that older drivers account for 250 fatality victims each 
year (Australian Department of Infrastructure and Regional Development, 2013). As 
older drivers are more fragile than younger driver cohorts, they are more likely to be 
injured or killed following a crash (Ichikawa, Nakahara, & Taniguchi, 2015; Mitchell, 
2013). However, previous research suggests that not all older drivers have higher crash 
risk and that a “low mileage bias” accounts for the higher rate of crashes among older 
drivers who drive low mileages (e.g. Langford et al., 2013; Langford, Koppel, 
McCarthy, & Srinivasan, 2008; Langford, Methorst, & Hakamies-Blomqvist, 2006). 
As older drivers travel fewer kilometres than younger cohorts of drivers (Cicchino & 
McCartt, 2014), they are more likely to drive in riskier situations (e.g., driving on local 
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roads with intersections and conflict points) than higher mileage drivers (Antin, et al., 
2017; Langford et al., 2006). This may result in an overestimation of older drivers’ 
crash rate per unit of distance driven (Antin, et al., 2017; Langford et al., 2006) 
2.1.1 Growing proportion of older drivers  
Older drivers represent the fastest-growing segment of the driving population 
(National Center for Statistics and Analysis, 2017). Globally, the proportion of people 
aged 60+ is growing faster than all younger age groups, at a rate of 3% per year (United 
Nations, 2017). It has been estimated that the proportion of older individuals aged 60+ 
will increase by more than two-fold by 2050 and by more than three-fold by 2100, 
increasing from 962 million in 2017, to 2.1 billion in 2050 and 3.1 billion in 2100 
(United Nations, 2017). By 2050, individuals aged 60+ will account for approximately 
a quarter of the population in almost all regions of the world (United Nations, 2017).  
2.1.2 Increase in licensing rates among older drivers 
In Australia, there has been a considerable increase in the number of licenced drivers 
from 1922 to 2016 (Australian Department of Infrastructure and Regional 
Development, 2017), with an increase by 44% in the licence counts among the 65+ 
age group in the decade ending in 2013 (Australian Department of Infrastructure and 
Regional Development, 2013). A recent study found that the majority of older 
Australian adults (92.5%) aged about 70 are current drivers (Anstey, Li, Hosking, & 
Eramudugolla, 2017). As the proportion of older individuals is growing and older 
individuals are living longer and healthier lives (Australian Institute of Health and 
Welfare, 2015), the numbers of licenced drivers on Australian roads is expected to 
increase further by 25%, from 17.2 million in 2016 to 21.7 million by 2030 (Australian 
Department of Infrastructure and Regional Development, 2017).  
2.1.3 Older drivers’ changes in travel demand 
The driving patterns of older drivers have changed throughout the years (Austroads, 
2016) as a result of a combination of factors that include personal choice and greater 
needs to drive a vehicle to maintain mobility and independence (Rosenbloom, 2012). 
Older drivers are more likely to drive a car and less likely to use public transport than 
in the past (Rosenbloom, 2001, 2012). Driving a car is, for example, the prime mode 
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of transport among the 55+ age group in Australia (Zeitler & Buys, 2015). Reliance 
on private vehicles among older drivers aged 65+ has also increased in the United 
States (Rosenbloom, 2012).  
Older people are driving longer and for longer distances, in comparison to previous 
cohorts of older drivers (OECD-Organisation for Economic Co-operation, 2001). By 
way of example, there has been significant increases in the number of trips, kilometres 
travelled, time spent driving and duration of trips in this age group, suggesting that 
older drivers have become more dependent on private cars (Rosenbloom, 2012). As 
older individuals are more active, healthier, fitter, and more likely to be working later 
in life than former generations, their travel needs might change again in the future 
(Musselwhite, Holland, & Walker, 2015). These changes will have significant impacts 
on road safety, policy makers and transport providers (Luiu et al., 2017). The increase 
in the number of older drivers who will be sharing the road network in the years to 
come in Australia (Austroads, 2016) means that a considerable effort is to be made to 
improve road safety and, at the same time, enhance people’s mobility, in order to 
minimise traffic injuries and road deaths.  
2.1.4 Older drivers and driving cessation 
Driving plays an important role in an older adult’s lifestyle, as it allows them to 
maintain their mobility, flexibility, and independence (Gwyther & Holland, 2012), and 
contributes to social participation (Pristavec, 2016). It also represents a way to 
maintain their connection to life and society (Donorfio, D’Ambrosio, Coughlin, & 
Mohyde, 2009). Driving cessation has also been associated with reduction in social 
activities and engagement (Curl, Stowe, Cooney, & Proulx, 2014; Liddle, Reaston, 
Pachana, Mitchell, & Gustafsson, 2014), life satisfaction (Liddle, Gustafsson, Bartlett, 
& Mckenna, 2012), loss of independence and self-determination (Nordbakke & 
Schwanen, 2014), and depressive symptomatology (Chihuri et al., 2016). It has also 
been associated with changes in self-perception and social identity (Jetten & Pachana, 
2012), such as feeling older than the chronological age (Pachana, Jetten, Gustafsson, 
& Liddle, 2017), concerns about practical difficulties and life changes (Pachana et al., 
2017), and impacting relationships with others (Pachana et al., 2017). Health, 
cognitive, social and physical function have also been negatively impacted by driving 
cessation (Chihuri et al., 2016). On average, driving cessation occurs after 70 years of 
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age (Hjorthol, 2013; Mitchell, 2013). However, a recent study found that over 92% of 
Australians aged in their seventies were still driving and were expected to drive for 
another 13 years (Anstey et al., 2017). The same study estimated that only 
approximately 1% of Australian older drivers in their early seventies stop driving each 
year (Anstey et al., 2017). 
Males often cease driving after recommendations from other people, such as family 
members or health providers, although women often give up driving following health 
issues or a feeling of insecurity on the roads (Hjorthol, 2013). More specifically, one 
Norwegian nationwide study found that women ceased driving at an earlier age 
compared to men (average of  79.5 years) (Hjorthol, 2013). Another British study 
found that 25% of men and 38% of women who still held a drivers licence when they 
were 70 years old relinquished it by the age of 90 (Mitchell, 2013).  
2.1.5 Ageing declines 
As people age, declines in motor, sensory, cognitive (Anstey, Wood, Lord, & Walker, 
2005) and visual function, such as cataract (Michael & Bron, 2011) become more 
common and have an impact on driving performance (e.g., Wood & Carberry, 2004, 
2006), driving difficulty (Fraser, Meuleners, Lee, Ng, & Morlet, 2013b; Owsley et al., 
1999) and crash risk (e.g., Owsley et al., 1999; Owsley et al., 2002). Increasing life 
expectancy (United Nations, 2017) has resulted in an increase in the prevalence of eye 
disease, including cataract, and is expected to further increase in the future (Laitinen 
et al., 2010), which suggests that the number of people with cataract on the roads will 
increase further. 
2.2 Cataract, Cataract Surgery and Objective Visual Measures  
2.2.1 Cataract  
Cataract is defined as an opacification to various degrees of the crystalline lens of the 
eye which is usually transparent (Iroku-Malize & Kirsch, 2016; Spencer & Mamalis, 
2010). Globally, cataract is the leading cause of blindness around the world (Bourne 
et al., 2013) and accounts for 33% of visual impairment (Pascolini & Mariotti, 2012). 
In 2010, 10.8 million individuals were blind and 35.1 million people were visually 
impaired due to cataract (Khairallah et al., 2015).  
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Cataract results from a disruptive interaction of inter and intra crystalline proteins in 
the lens causing an exposition of hydrophobic surfaces, which will aggregate and form 
cataract (Zhao et al., 2015). Cataract can be clinically classified in different ways 
depending on their position, appearance, aetiology, and age of appearance (Spencer & 
Mamalis, 2010). Age causes three main types of cataract: nuclear, cortical and 
posterior subcapsular, with nuclear cataract being the most frequent type of age-related 
cataract (Spencer & Mamalis, 2010). People often develop multiple types of cataract 
simultaneously (Glynn, Rosner, & Christen, 2009).  
As the changes caused by cataract are painless and gradual, individuals might not 
notice for several years that their vision has been deteriorating (Craig, 2015). For 
example, the Singapore Epidemiology of Eye Disease (SEED) Study found that 
approximately 68.8% of people with significant cataract did not realise they were 
affected by this condition (Chua et al., 2017). These gradual changes in vision can 
have a significant impact on a patient’s quality of life (Fraser, Meuleners, Lee, Ng, & 
Morlet, 2013a) and functional impairment in a patient’s everyday life (Chaudhary et 
al., 2016). The World Health Organisation (WHO) implemented an action plan in 2013 
to reduce the prevalence of avoidable visual impairment such as cataract by 25% by 
2019, as it can be corrected by cataract surgery (WHO, 2013). 
2.2.2 Cataract surgery  
Cataract extraction is the most common elective surgery procedure in Australian 
public hospitals (Australian Institute of Health and Welfare, 2016, 2017). Cataract 
surgery performed in Australia has increased by 5.3% since 2015-2016, with 
approximately 71,000 admissions for this surgery between 2016 and 2017 (Australian 
Institute of Health and Welfare, 2017). It is currently the only treatment available for 
cataract removal (Selin, Orsini, Ejdervik Lindblad, & Wolk, 2015) and is a highly 
effective and safe procedure to restore vision in the operated eye (Chaudhary et al., 
2016; Clark, Morlet, Ng, Preen, & Semmens, 2011; Roberts et al., 2013; WHO, 2013). 
2.2.3 Impact of cataract on objective measures of vision before and 
after cataract surgery  
Cataract affects different aspects of vision including visual acuity, contrast sensitivity, 
(Helbostad et al., 2013; Shandiz et al., 2011) and stereopsis (Helbostad et al., 2013). 
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However, an extensive body of research suggests that all these aspects of vision can 
be improved by cataract surgery (e.g., Fraser, et al., 2013a,b; To, et al., 2014b,c) 
2.2.3.1 Visual acuity 
2.2.3.1.1 Impact of cataract on visual acuity 
Visual acuity, which is the “ability to resolve fine spatial details” is the most frequent 
visual outcome assessed in road safety research (Wood & Black, 2016). It is a measure 
of “the recognition of small (high spatial frequency), high contrast letters” and 
therefore accounts sensitively for the changes in refractive error (Woods & Wood, 
1995). Previous research has found that cataract can have a negative impact on visual 
acuity (Huisingh, McGwin, Wood, & Owsley, 2014; Shandiz et al., 2011). For 
example, it has been found that visual acuity decreases as the severity of cataract 
increases (Shandiz et al., 2011). Visual acuity is also the conventional measure to 
assess visual function among people with cataract (Shandiz et al., 2011). It is often 
used as a measure to prioritise patients on the waitlist for cataract surgery (Chaudhary 
et al., 2016). However, it has been suggested that the emphasis should be on a 
comprehensive measure of functional vision rather than on an objective measure of 
visual acuity, as visual acuity testing does not account for patients’ problems in their 
day to day life (Chaudhary et al., 2016).  
2.2.3.1.2 Impact of first and second eye cataract surgery on visual acuity  
A growing body of research has found that cataract surgery improves visual acuity in 
the operated eye (e.g., Castells et al., 1999, 2006, Elliott et al., 1997, 2000; Finger et 
al., 2012; Foss et al., 2006; Fraser et al., 2013a,b; Gothwal et al., 2011; Lee et al., 2013; 
Lundström et al., 2011; Meuleners et al., 2012b; Palagyi et al., 2017; Shekhawat et al., 
2017; To, et al., 2014a,b). More specifically, previous research suggests that visual 
acuity is improved after both first and second eye cataract surgery (Castells et al., 2006; 
Lee et al., 2013; Palagyi et al., 2016; To, et al., 2014a,b). A randomised controlled trial 
found that first eye cataract surgery results in major improvements in visual acuity 
(88%), but second eye surgery only improves visual acuity by 12% (Castells et al., 
2006). However, undergoing only first eye cataract surgery can increase the 
discrepancy in visual acuity between both eyes, but this can be reduced by second eye 
surgery (Castells et al., 2006).  
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2.2.3.2 Contrast sensitivity  
2.2.3.2.1 Impact of cataract on contrast sensitivity  
Contrast sensitivity, which is “the ability to distinguish between dark and light 
contrasts”, has been found to be negatively impacted by cataract (Bal, Coeckelbergh, 
Van Looveren, Rozema, & Tassignon, 2011; Fraser, et al., 2013a,b; McGwin et al., 
2003; Owsley et al., 2001; Shandiz et al., 2011; Wood & Carberry, 2006; Wood & 
Owens, 2005; Wood & Troutbeck, 1995). As cataract severity increase, contrast 
sensitivity impairment increases, which indicates that contrast sensitivity tests may 
provide supplementary information over the conventional visual acuity tests (Shandiz 
et al., 2011). Previous research suggests that some patients with cataract might have 
poor contrast sensitivity, despite having good visual acuity (Bal et al., 2011) and that 
contrast sensitivity might be a better measure to assess functional visual impairment 
among cataract patients (Elliott & Situ, 1998). Similarly, another study among cataract 
patients found that contrast sensitivity might be a more important measure to use than 
visual acuity (Adamsons, Vitale, Stark, & Rubin, 1996) as the environment is 
surrounded by more low contrast clues (Datta et al., 2008).  
2.2.3.2.2 Impact of first and second eye cataract surgery on contrast 
sensitivity 
Evidence suggests that cataract surgery significantly improves contrast sensitivity in 
the operated eye (Castells et al., 2006; Comas, Castells, Acosta, & Tuñí, 2007; Elliott 
et al., 2000; Foss et al., 2006; Fraser et al., 2013a,b; Laidlaw & Harrad, 1993; Laidlaw 
et al., 1998; Lee et al., 2013; McGwin, Gewant, Modjarrad, Hall, & Owsley, 2006; 
Owsley et al., 2007; Palagyi et al., 2017; To et al., 2014a,b). Similar to visual acuity, 
previous research found that contrast sensitivity improved after both first and second 
eye cataract surgery (Lee et al., 2013; To et al., 2014a,b). However, it has been found 
that the major improvements were the result of first eye cataract surgery (96%), as only 
4% of the improvement in contrast sensitivity was related to second eye cataract 
surgery (Castells et al., 2006). As with visual acuity, undergoing first eye cataract 
surgery only can increase the discrepancy in contrast sensitivity between both eyes, 
but this can be reduced by second eye surgery (Castells et al., 2006). 
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2.2.3.3 Stereopsis 
2.2.3.3.1 Impact of cataract on stereopsis  
Stereopsis is a measure of depth perception which is defined as “the perception of the 
three dimensions of an object under binocular vision and occurs through fusion of 
signals from disparate retinal elements” (Suliman & Ali, 2017). Cataract has also been 
associated with decreased stereopsis (Helbostad et al., 2013). As stereopsis is a 
binocular function to see the world in three dimensions, it requires adequate visual 
acuity (Comas et al., 2007; Kwapiszeski, Gallagher, & Holmes, 1996) and contrast 
sensitivity in both eyes (Comas et al., 2007). Previous research has, for example, found 
that patients with unilateral cataract had reduced stereopsis, which was correlated with 
their visual acuity in the same eye (Kwapiszeski et al., 1996).  
2.2.3.3.2 Impact of first and second eye cataract surgery on stereopsis  
Previous research suggests that cataract surgery provides significant improvements in 
stereopsis (Castells et al., 2006; Elliott et al., 2000; Foss et al., 2006; Laidlaw & 
Harrad, 1993; Talbot & Perkins, 1998; To, et al., 2014a,b). Improvements in stereopsis 
have been found after both first and second eye cataract surgery (Castells et al., 2006; 
Laidlaw et al., 1998; To et al., 2014a,b). Second eye cataract surgery brings greater 
benefits to stereopsis than first eye cataract surgery (Castells et al., 2006). More 
specifically, previous research suggests that first eye cataract surgery accounts for 46% 
of improvements in stereopsis and second eye surgery for 54% (Castells et al., 2006). 
The improvements in stereopsis could be explained by the fact that second eye cataract 
surgery reduces the difference in visual acuity and contrast sensitivity between both 
eyes (Castells et al., 2006; Elliott et al., 2000), as stereopsis is a binocular measure 
(Comas et al., 2007; Laidlaw et al., 1998). When cataract surgery is only performed in 
one eye among bilateral cataract patients, it increases the differences in these measures 
of vision in both eyes, which has a negative impact on stereopsis (Castells et al., 2006). 
Differences in both eyes can lead to binocular inhibition causing the binocular visual 
acuity or contrast sensitivity values to be worse than the values of the better eye (Azen 
et al., 2002). 
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2.3 Cataract, Cataract Surgery and Driving  
Driving depends heavily on visual functioning (Desapriya et al., 2011; Johnson & 
Wilkinson, 2010; Owsley & McGwin, 2010) and it has been suggested that vision 
accounts for approximately 90% of sensory input required for driving (Messinger-
Rapport, 2003). As a consequence, an extensive body of research has shown that 
cataract may have a negative impact on driving performance as measured by self-
reported questionnaires, driving simulators, and on-road assessments. A recent 
research study conducted among older drivers on the waitlist for cataract surgery found 
that 53% of current drivers with cataract self-reported that cataract had a negative 
impact on their driving (Keay et al., 2016). The driving outcomes impacted by cataract 
included driving performance (e.g., Wood et al., 2012; Wood, Chaparro, Carberry, & 
Chu, 2010; Wood & Carberry, 2004, 2006), crash risk (e.g., Owsley et al., 1999; 
Owsley et al., 2002), driving difficulty (e.g., Bevin et al., 2004; Fraser et al., 2013b; 
McGwin et al., 2003; Owsley et al., 1999) and self-regulation practices (e.g., Fraser et 
al., 2013c; Owsley et al., 1999). The impact of cataract on driver self-regulation 
practices will be presented in a chapter dedicated to self-regulation practices itself, as 
it is part of the main topic of this thesis. 
2.3.1 Impact of cataract on driving  
2.3.1.1 Impact of cataract on driving performance  
An extensive body of evidence has found that cataract has a negative impact on driving 
performance (e.g., Marrington, Horswill, & Wood, 2008; Wood et al., 2010, 2012; 
Wood, Chaparro, Carberry, & Hickson, 2006; Wood, Chaparro, & Hickson, 2009; 
Wood & Carberry, 2004, 2006, Wood & Troutbeck, 1994, 1995). For example, two 
closed-road circuit studies found that young adults (Wood & Troutbeck, 1994) and 
older drivers (Wood & Troutbeck, 1995) who met visual standards for driving and who 
wore goggles to simulate the effects of cataract had higher impairment to overall 
driving performance than when subjected to other simulated impairments (monocular 
vision and visual field restriction). More specifically, simulated cataract induced 
changes in road position (Wood & Troutbeck, 1995), reduced speed (Wood & 
Troutbeck, 1994), increased time when reversing (Wood & Troutbeck, 1994), 
increased time to complete the circuit when manoeuvring around cones, and reduced 
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peripheral awareness (Wood & Troutbeck, 1994, 1995) in comparison to participants’ 
driving performance at baseline without the goggles.  
Two other closed-road circuit studies found that older drivers with bilateral cataract 
had poorer driving performance than the aged-matched control group with normal 
vision (Wood & Carberry, 2004, 2006). More specifically, bilateral cataract 
participants had poorer overall driving scores, were worse at recognising road signs 
and road hazards, were worst at steering to avoid road hazards (Wood & Carberry, 
2004, 2006) and at keeping within the lane than the aged-matched control group, 
(Wood & Carberry, 2004). The authors concluded that these impairments might affect 
older drivers’ ability to follow road rules, use road sign clues, and avoid pedestrians, 
large debris on the roads and speed bumps while driving (Wood & Carberry, 2004). 
The severity of cataract also seems to affect driving performance. It has been found, 
for example, that drivers who wore moderate level simulated cataract goggles took 
more time to detect and anticipate traffic hazards than a control group, and mild level 
of cataract only slowed the ability to detect the presence of hazards (Marrington et al., 
2008).  
Night time driving performance has also been found to be impaired by cataract (Wood 
et al., 2010). Participants with simulated cataract took more time to drive, drove more 
slowly, hit more traffic hazards on the roads, and were worse at recognising traffic 
signs at night time than drivers with normal or blurred simulated vision (Wood et al., 
2010). In addition, when pedestrians were wearing black clothes, participants with 
simulated cataract were not able to see them (Wood et al., 2010). However, when 
pedestrians were wearing biomotion clothes, participants with simulated cataract were 
able to detect them 80% of the time (Wood et al., 2010). Another study found that 
participants with simulated visual impairment (cataract or blurred vision) had more 
trouble recognising pedestrians at night than people with normal vision (Wood et al., 
2012). This effect was stronger for people with simulated cataract than with simulated 
blurred vision (Wood et al., 2012). Participants with normal vision could detect the 
pedestrians at a 5.5 fold longer distance than cataract patients (Wood et al., 2012). The 
authors explained their findings by the fact that cataract impacted contrast sensitivity 
more than blurring did (Wood et al., 2012, 2010). 
Another closed-road circuit study analysing the effects of multitasking on visual 
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impairment and age found that driving performance was impaired by multitasking, and 
the effects were worst for participants with simulated cataract in comparison to 
participants with blurred and normal vision (Wood et al., 2006). Similarly, another 
closed-road circuit study analysing the effects of visual impairment on age and 
distractors, found that driving performance was significantly reduced with simulated 
cataract and was worsened with visual distractors (Wood et al., 2009). In both studies, 
the impairments in driving performance were also greater for older drivers with 
simulated cataract than younger drivers (Wood et al., 2006, 2009). However, all these 
studies relied on small sample sizes, which may affect the generalisability of the 
results. 
2.3.1.2 Impact of cataract on driving difficulty  
Previous research has found that cataract has a significant impact on driving 
difficulties (e.g., Bevin et al., 2004; Fraser et al., 2013b; McGwin et al., 2003; 
Mönestam & Wachtmeister, 1997; Owsley et al., 1999). For example, a prospective 
cohort study found that 82% of cataract patients with a drivers licence self-reported 
having visual functional problems while driving (Mönestam & Wachtmeister, 1997). 
In another study, the findings from self-reported questionnaires were that participants 
with cataract were four times more likely to report having difficulties driving in 
challenging situations than participants without cataract (Owsley et al., 1999).  
More specifically, a prospective cohort study found that 6% drivers on the waitlist for 
cataract surgery reported having “great difficulties”, 31% “moderate difficulties”, 16% 
a “little difficulty” and 31% “no difficulties” driving during day time (Bevin et al., 
2004). More than half of the sample (57%) reported having “great difficulties”, 15% 
having “moderate difficulties”, 14% “a little difficulty” and 10% “no difficulties” 
while driving during night time (Bevin et al., 2004). A prospective cohort study also 
found that participants self-reported having difficulties driving during day time (34%) 
and at night time (44%) before undergoing cataract surgery (Mönestam et al., 2005). 
Night time driving seems therefore to be a particular challenging situation for cataract 
patients (Bevin et al., 2004; Fraser et al., 2013c; Mönestam et al., 2005; Mönestam & 
Wachtmeister, 1997; Owsley et al., 1999, 2001). In two self-reported studies for 
example, night time driving was the most self-reported challenging situation for 
cataract patients, with between 71% and 77% of participants self-reporting this 
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difficulty (Mönestam & Wachtmeister, 1997; Owsley et al., 2002). Another 
prospective cohort study, which compared a group of participants who decided to 
undergo cataract surgery with a group of participants who declined surgery, found that 
participants who decided to undergo surgery had greater difficulties in day and night 
time driving than participants who decided not to undergo surgery (McGwin et al., 
2003). However, the majority of these studies only used two questions to assess day 
and night time driving which may affect the generalisability of the results.  
Besides night time driving, other driving situations are challenging for cataract patients 
include driving in the rain (67%), in rush hour (45%), in high traffic (36%), on 
highways or freeways (26%), alone (24%), and making turns across oncoming traffic 
(21%) (Owsley et al., 1999). In addition, another study found that 37% of participants 
self-reported having difficulties with distance estimation, 11% with glare from 
oncoming vehicles and 7% with fatigued eyes while driving (Mönestam & 
Wachtmeister, 1997).  
2.3.1.3 Impact of cataract on crash risk  
An increasing body of evidence has found that older drivers with cataract have an 
elevated risk of being involved in a motor vehicle collision. A recent study conducted 
among older drivers on the waiting list for cataract surgery found that 9% of current 
drivers with cataract had a crash in the last 12 months (Keay et al., 2016). Two other 
studies found that older drivers with cataract were 2.5 times more likely to be involved 
in an at-fault crash in the past 5 years, in comparison to people without cataract 
(Owsley et al., 1999, 2001).  
2.3.2 Association between driving and objective measures of vision  
2.3.2.1 Visual acuity 
Visual acuity is the objective measure of vision most frequently used by licensing 
authorities to assess fitness to drive around the world (Owsley & McGwin, 2010; 
Owsley, Wood, & McGwin, 2015). Currently most licensing authorities rely on an 
assessment of visual acuity when a person obtains or renews a driver’s licence (Ortiz, 
Castro, Alarcón, Soler, & Anera, 2013). In Australia, for example, drivers are required 
to have at least a vision of 6/12 in one or both eyes to meet the minimum Australian 
 22 
 
visual acuity standard for driving (Austroads, 2017).  
In terms of driving outcomes, there is evidence that visual acuity impairment is 
associated with self-perceived driving difficulty (Van Rijn et al., 2002), the ability to 
recognise road signs and hazards (Higgins & Wood, 2005; Wood, 1999, 2002) and 
difficulties reading road signs at safe distances on highways (Schieber, 2004), as well 
as driving on high traffic roads and during night time (McGwin, Chapman, & Owsley, 
2000). However, there is increasing evidence that relying on visual acuity to assess 
drivers’ fitness to drive is insufficient (Babizhayev, 2003; Bal et al., 2011; Wood & 
Owens, 2005), because licensing authorities use high contrast charts under high 
luminance conditions to measure visual acuity (Owsley & McGwin, 2010; Wood & 
Owens, 2005), but such charts are not associated with drivers’ ability to recognise road 
objects (e.g., road signs, hazards, pedestrians) (Wood & Owens, 2005). Additionally, 
high contrast charts do not account for other visual factors impaired among cataract 
patients, such as contrast sensitivity (Woods & Wood, 1995).  
As visual acuity tests were originally designed for clinical assessments, they do not 
account for all visual functions involved in real life driving situations (Owsley & 
McGwin, 2010). For example, a study found that 78% of drivers would be considered 
as unfit to drive, if stray light (“unwanted light in an optical system” [Fest, 2013]) was 
taken into consideration, even though they meet current European visual acuity 
requirements for driving (Bal et al., 2011). In the same way, 31% of participants 
meeting the European visual acuity requirements for driving would be considered as 
unfit to drive if contrast sensitivity was also taken into consideration (Bal et al., 2011).  
In terms of cataract patients more specifically, there are some conflicting results in the 
literature about the impact of visual acuity on driving outcomes among this group, 
which might be related to the study design and characteristics of the sample. Although 
some studies fail to find an association between visual acuity and driving, including 
crash risk (Owsley et al., 2001) and driving difficulty (Fraser et al., 2013b), other 
studies found that the association was significant (McGwin et al., 2000; Walker, 
Anstey, Hennessy, Lord, & Von Sanden, 2006a). Specifically, a self-reported study 
found that people with poor visual acuity were more likely to have driving difficulties, 
with visual acuity predicting driving ability, even though contrasts sensitivity was the 
strongest visual predictor of driving (Walker, Anstey, & Lord, 2006b). A cross-
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sectional study among older drivers with visual impairment of which 3 out of 4 had 
cataract, found that drivers with poor visual acuity reported having more driving 
difficulties (McGwin et al., 2000). These driving difficulties included driving at night 
and on heavy traffic roads (McGwin et al., 2000).  
2.3.2.2 Contrast sensitivity  
A growing body of evidence has found that contrast sensitivity has been associated 
with a variety of driving outcomes, including crash risk (Guo, Fang, & Antin, 2015; 
Huisingh et al., 2017), driving performance (Wood, 2002), and driving difficulty 
(McGwin et al., 2000; Van Rijn et al., 2002). Contrast sensitivity has also been 
associated with decreased driving performance during the day and at night time (Ball 
et al., 1998; Brabyn, Schneck, Lott, & Haegerström-Portnoy, 2005; Wood, 2002; 
Wood et al., 2009), decreased driving exposure (Freeman, Muñoz, Turano, & West, 
2005; Keay et al., 2009; Sandlin et al., 2014) and driving cessation (Freeman et al., 
2005; Keay et al., 2009).  
In terms of cataract patients more specifically, similar results were found with an 
association between contrast sensitivity and increased crash risk (Owsley et al., 2002, 
2001), driving difficulty (Fraser et al., 2013b), impaired driving performance (Wood 
& Carberry, 2004, 2006), and difficulties turning across oncoming traffic (McGwin et 
al., 2000). For example, a cross-sectional study found that contrast sensitivity equal to 
or smaller than 1.25 log units was the only measure of vision significantly associated 
with crash risk, before adjusting for potential confounding factors. Visual acuity and 
disability glare were not associated with crash risk when parameters were unadjusted 
(Owsley et al., 2001). Older drivers who were involved in a past crash were 8 times 
more likely to have a severe contrast sensitivity impairment in the worse eye and 6 
times more likely to have a contrast sensitivity impairment in both eyes, than older 
drivers who were not involved in a past crash in the last five years (Owsley et al., 
2001).  
2.3.2.3 Stereopsis 
There are some discrepancies in the literature about the effects of stereopsis on driving 
outcomes, and only a few studies have analysed its effects on cataract patients. 
Although some studies failed to find an association between driving outcomes and 
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impaired stereopsis (Bauer, Dietz, Kolling, Hart, & Schiefer, 2001; Fleck & Kolling, 
1996; Johnson & Wilkinson, 2010; McKnight, Shinar, & Hilburn, 1991; Tijtgat, 
Mazyn, De Laey, & Lenoir, 2008), other studies have found that stereopsis was 
associated with driving outcomes such as higher risks of failing driving a car through 
a slalom course (two parallel lines of traffic cones) (Bauer et al., 2001; Bauer, Kolling, 
Dietz, Zrenner, & Schiefer, 2000), misestimation (Owens, Wood, & Carberry, 2010), 
and increased crash risk (Gresset & Meyer, 1994; Owsley et al., 1998).  
In terms of cataract patients, few studies have analysed the effects of stereopsis on 
driving outcomes. Among those, Fraser et al. (2013b) failed to find an association 
between stereopsis and driving difficulty. 
2.3.3 Impact of cataract surgery on driving  
2.3.3.1 Impact of cataract surgery on driving performance 
An on-road study which looked at the effects of first and second eye cataract surgery 
on driving performance found that participants who underwent both eye surgeries 
improved their overall driving performance, their ability to recognise road signs and 
road hazards, as well as the ability to avoid road hazards after first and second eye 
cataract surgery, to the levels of controls with normal vision (Wood & Carberry, 2004). 
However, this study had a small sample size of 28 participants with bilateral cataract 
and 18 age-matched controls, which may affect the generalisability of the results. 
Similarly, another on-road study found that bilateral cataract surgery improved overall 
driving performance, road sign and road hazards recognition, as well as roads hazards 
avoidance, to the level of the control group (Wood & Carberry, 2006). However, 
contrary to the previous study, the participants were assessed only before first eye 
cataract surgery and after second eye cataract surgery and therefore no information 
was provided about the specific contribution of first eye and second eye cataract 
surgery separately.  
2.3.3.2 Impact of cataract surgery on crash risk 
A prospective cohort study aiming to compare crash risk among older drivers who 
decided to undergo cataract surgery with older drivers who decided not to undergo 
cataract surgery found that cataract surgery in general reduced by half the crash risk 
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over the 4 to 6 year follow-up periods, resulting in a reduction rate of 4.74 crashes per 
million miles (1,609,344 kilometres) travelled (Owsley et al., 2002). However, first 
and both eye cataract procedures were combined in the analyses. A population based 
study using Western Australian linked data between 1997 and 2006 found that there 
was a reduction of 12.7% in crashes one year after first eye cataract surgery, resulting 
in $4.3 million cost savings (Meuleners, et al., 2012a). A more recent population based 
study using Western Australian linked data from 2004 to 2014 found that motor 
vehicle crashes were reduced respectively by 47% and 45% after first and second eye 
cataract surgery, resulting in $22.1 million cost savings for the community in the year 
after second eye cataract surgery (Meuleners, Brameld, Fraser, Chow, & Agramunt, 
submitted). This suggests that second eye cataract surgery provides significant 
additional benefits to road safety (Meuleners et al., submitted). 
2.3.3.3 Impact of cataract surgery on driving difficulty  
The majority of studies that analysed the impact of cataract surgery on driving 
difficulties relied on self-reported questionnaires, which might be subject to social 
desirability (Af Wåhlberg, 2010) and recall biases (Blanchard et al., 2010). A meta-
analysis aiming to analyse the effects of cataract surgery on driving outcomes found 
that driving difficulties decreased by 88% following cataract surgery (Subzwari et al., 
2008). This meta-analysis was based on four prospective cohort studies (Mamidipudi 
et al., 2003; Mönestam et al., 2005; Mönestam & Lundqvist, 2006; Mönestam & 
Wachtmeister, 1997) and one retrospective cohort study (Chang-Godinich, Ou, & 
Koch, 1999), but no information was provided about the specific effects of first and 
second eye cataract surgery separately.  
However, Mönestam & Wachtmeister (1997) found a significant reduction in self-
reported driving difficulties after cataract surgery, with a reduction by 31.1 percentage 
points in having difficulties with distance estimations, decreasing from 37% to 5.9% 
(Mönestam & Wachtmeister, 1997). In addition, 25% of participants who held a 
drivers licence but did not drive before cataract surgery, started to drive after surgery 
(Mönestam & Wachtmeister, 1997). This is similar to another study that found an 
increase of 11 percentage points in participants who drove 4 months after undergoing 
cataract surgery, from 83% to 94% (Mönestam & Lundqvist, 2006). Another study 
found that there was a significant reduction in the composite scores for driving 
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difficulty on the Driving Habits Questionnaire (DHQ) following cataract surgery 
(Owsley et al., 2002). However, participants who had only first eye surgery (44%) 
were combined with participants who had both eye surgeries (56%) in the analyses 
(Owsley et al., 2002). Although these studies suggest that driving difficulties decrease 
following cataract surgery, previous research suggest that the type of lenses inserted 
during cataract surgery might be associated with patients’ changes in driving habits 2 
to 3 years after having been operated (Beiko, 2015). 
Various studies have analysed the effects of cataract surgery on day and night time 
driving difficulties and there is a general consensus that day and night time driving 
improve significantly after cataract surgery (Bevin et al., 2004; Mamidipudi et al., 
2003; McGwin et al., 2003; Mönestam et al., 2005). However, the majority of these 
studies used only two questions to assess day and night time driving. A prospective 
cohort study found that day time driving difficulties were reduced by 45 percentage 
points (from 72% to 27%) following cataract surgery, and night time driving 
difficulties were reduced by 37 percentage points, from 90% to 53% after surgery 
(Bevin et al., 2004). Similarly, another study found that difficulties driving during day 
time and night time decreased from 50% to 6% and from 69% to 24% respectively 
after cataract surgery (Mönestam et al., 2005). Five years after cataract surgery, 95% 
of the sample self-reported having no difficulties during daytime, and 56% reported 
having no difficulties driving at night (Mönestam et al., 2005). Another study, based 
on the same population study as Mönestam et al. (2005) found that among participants 
who had surgery in only one eye, 48% still reported having difficulties while driving 
at night, and 41% of participants who had both eyes done still reported having 
difficulties at night time (Mönestam & Lundqvist, 2006). Similarly, day time driving 
improved by 15.1 points and night time driving by 18.9 points before and after cataract 
surgery in another study (McGwin et al., 2003). However, the authors did not specify 
whether participants underwent first eye, second eye surgery or whether both eyes 
were combined in the analyses in each of these studies. 
Few studies have analysed the specific effects of first and second eye cataract surgery 
on driving difficulty separately, and the results were all derived from self-reported 
questionnaires. Among those, a study found that first eye surgery improved both day 
and night time driving, but second eye cataract surgery improved only night time 
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driving scores (Elliott et al., 2000). However, a prospective study found that both day 
and night time driving improved after second eye cataract surgery (Castells et al., 
1999). More specifically, there was a 89% improvement in day time driving for 
participants who underwent first eye surgery only, yet there was 100% improvement 
in day time driving scores for those who underwent second eye cataract surgery 
(Castells et al., 1999). In the same way, 79% of participants who underwent first eye 
surgery improved night time driving, but there was 100% improvement in night time 
driving for those who underwent second eye cataract surgery (Castells et al., 1999).  
2.3.4 Impact of cataract surgery on driving and its association with 
visual outcomes 
While some studies found an association between contrast sensitivity and driving 
difficulty after first eye cataract surgery (Fraser, et al., 2013b) as well as contrast 
sensitivity and driving outcomes after second eye cataract surgery (Wood & Carberry, 
2006), other studies failed to do so. In Wood & Carberry (2006), contrast sensitivity 
changes after bilateral cataract surgery were the best predictors of improved driving 
performance. However, visual acuity was not associated with changes in driving 
performance (Wood & Carberry, 2006). Similarly, Fraser et al. (2013b) found that 
contrast sensitivity in the operated eye after first eye cataract surgery rather than visual 
acuity and stereopsis were significantly associated with improvements in self-reported 
driving difficulties. By contrast, another study found that the proportion of drivers 
meeting the United Kingdom standards for driving rose from 52% after first eye 
surgery to 85% after second eye surgery, based on their visual acuity measure (Talbot 
& Perkins, 1998). Yet another study found that changes in both contrast sensitivity and 
visual acuity after first eye surgery were associated with difficulty driving at night time 
(McGwin et al., 2003). In this study, changes in vision scores after cataract surgery 
accounted for 60% of the variances in changes in night time driving (McGwin et al., 
2003). It is possible that the discrepancies between studies is a result of different 
sample, sample size, and study design. Despite the fact that various studies have shown 
an association between cataract and driving outcomes, this literature review did not 
find any studies that examined the association between objective measures of vision 
and driver self-regulation practices among older drivers with bilateral cataract 
throughout the cataract surgery process, using objective naturalistic driving data. 
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2.3.5 Cataract, cataract surgery and driving: identifying gaps in the 
evidence 
While a growing body of research has found that cataract surgery has a positive impact 
on driving, little is known about the specific impact of first and second eye cataract 
surgery separately. Indeed, the majority of previous studies have combined 
participants who underwent only first, second or both eyes surgeries in their analyses. 
Even though cataract is usually bilateral (Asbell et al., 2005), cataract surgery is often 
performed one eye after the other, to avoid complications that could occur bilaterally 
such as endophthalmitis (Lundström, Barry, Henry, Rosen, & Stenevi, 2012). Patients 
undergoing cataract surgery in public hospitals in Australia often have to wait a median 
of 93 days before surgery and some patients (2.5%) might even be waitlisted for more 
than 365 days (Australian Institute of Health and Welfare, 2016), which suggests that 
they might be driving on the roads with poor and declining vision while waiting for 
first and second eye cataract surgery. It is of particular importance for road safety, as 
little is known how older drivers behave while driving with an operated and unoperated 
eye. In addition, the majority of studies relied on self-reported questionnaires or on 
closed-road circuits with small sample size, which might not account for the 
naturalistic driving behaviour of participants who may experience a wider range of 
driving situations on the roads. Identifying the impact of first and second eye cataract 
surgery on driving outcomes may provide a rationale for performing first and second 
eye cataract surgery in a timely manner to preserve older drivers’ independence, 
mobility, and safety. 
Furthermore, it has been suggested that traditional visual acuity tests do not account 
for all visual function involved in driving (Owsley & McGwin, 2010), even though 
they are usually used by most licensing authorities to determine fitness to drive 
(Austroads, 2017; Ortiz et al., 2013). Analysing which objective measures of vision 
are associated with driving outcomes after first and second eye cataract surgery would 
provide valuable information to licensing authorities and policy makers.  
2.4 Driver Self-Regulation Practices 
2.4.1 Definition of self-regulation 
Driving self-regulation is a multidimensional (Molnar et al., 2014) and complex 
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process (Molnar, et al., 2013b; Wong, Smith, & Sullivan, 2016a), which has been 
described as a positive coping strategy to minimise driving risk (Gwyther & Holland, 
2012). Self-regulation suggests that older drivers may modify their driving behaviours 
and avoid driving in situations perceived as challenging for themselves. These 
behavioural changes might be used to compensate for age-related declines (Sullivan et 
al., 2011), such as in cognitive and physical functions, or health including vision 
(Anstey et al., 2005; Baldock et al., 2006; Lyman, McGwin, & Sims, 2001), and other 
reasons unrelated to declining abilities, such as older drivers’ lifestyle (Charlton et al., 
2006; Molnar et al., 2013b) and individual preferences (Molnar et al., 2013b). Driver 
self-regulation practices can be considered on a continuum from complete driving 
independence to driving cessation (Lyman et al., 2001) and is a process that happens 
progressively over time (Donorfio et al., 2009). Self-regulation practices have also 
been categorised across a driving continuum of three classes ranging from drivers with 
’no modifications’ to ‘self-regulators’ and ‘former drivers‘ (O’Connor, Edwards, 
Small, & Andel, 2011; Unsworth, Wells, Browning, Thomas, & Kendig, 2008). A 
recent study found that the continuum could be refined into five classes including 
drivers with ‘no modifications’, ‘low self-regulators’, ‘medium self-regulators’, ‘high 
self-regulators’ and ‘former drivers’ (Bergen et al., 2017). Self-regulation practices 
might involve avoiding driving in challenging situations (Fraser, et al., 2013c; Owsley 
et al., 1999), reduction in driving exposure (Owsley, Stalvey, & Phillips, 2003) and 
driving cessation (Lyman et al., 2001). Therefore, self-regulation practices are likely 
to involve a variety of factors (Charlton et al., 2006). 
2.4.2 Conceptual framework  
Various studies have developed models to explain the multidimensionality of older 
driver self-regulation practices (e.g., Anstey et al., 2005; Choi, Adams, & Mezuk, 
2012; Donorfio et al., 2009; Lindstrom-Forneri, Tuokko, Garrett, & Molnar, 2010; 
Lindstrom-Forneri, Tuokko, & Rhodes, 2007; Wong, Smith, & Sullivan, 2017; Wong, 
et al., 2016a), but only a limited number of them have taken into account age-related 
declines, such as visual impairment. These models are described below.  
2.4.2.1 The Multifactorial Model of Older Driver Safety 
Anstey et al. (2005) developed a model, the Multifactorial Model of Older Driver 
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Safety, which considers age-related decline in vision, cognition, and physical function. 
In this model, the capacity to drive safely is determined by an older driver’s vision, 
cognition and physical function, while the self-monitoring beliefs about one’s capacity 
to drive are determined by cognition (Anstey et al., 2005). Both the self-monitoring 
beliefs about the capacity to drive safely, and the capacity to drive safely itself, 
contribute to driving behaviour and therefore to self-regulation practices, such as 
avoiding driving in certain conditions because of impaired vision (Anstey et al., 2005). 
A study aiming to test some constructs of the Multifactorial Model of Older Driver 
Safety, including vision and cognitive function, found that the capacity to drive safely 
deteriorates with age (Anstey, Horswill, Wood, & Hatherly, 2012). The researchers 
also found, however, that visual and cognitive factors, which were not dependent on 
age, were also associated with driving safety (Anstey et al., 2012). 
2.4.2.2 A Multidimensional Model of Self-regulation  
Psychological processes also play an important role in the Multidimensional Model of 
Self-regulation (Donorfio et al., 2009). In this model, four dimensions have a strong 
impact on self-regulation practices: “driving skill and ability”, “life and society”, “self-
worth”, “automobile”. In the driving skill and ability factor, older drivers become self-
aware that they are experiencing age-related declines, which have an impact on their 
driving ability and their self-confidence (Donorfio et al., 2009). Therefore, their 
driving ability becomes limited and changes in their driving behaviour become 
apparent such as driving more slowly. In this model, self-regulation is also affected by 
the fact that older drivers want to remain connected to society and life and modify their 
behaviour in order to do so, such as planning trips ahead or carpooling (life and 
society) (Donorfio et al., 2009). Self-regulation is also affected by the fact that driving 
enhances older drivers’ self-worth and therefore their reluctance to lose their 
independence when losing their ability to drive (self-worth) (Donorfio et al., 2009). 
Self-regulation practices are also affected by the availability of alternative transport, 
such as public transport (automobile) (Donorfio et al., 2009). However, this model 
depends on a qualitative survey and does not, therefore, consider the quantitative 
contribution and interaction of each dimension; consequently it is unable to quantify 
the extent to which these four dimensions contribute significantly or not to driver self-
regulation practices.  
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2.4.2.3 The Driving as an Everyday Competence model (DEC) 
The DEC (Lindstrom-Forneri et al., 2010), considers the role played by age-related 
declines such as visual impairment in determining driving performance by analysing 
the interaction of individual, personal, and environmental factors, which are moderated 
by psychosocial factors (e.g., self-awareness and beliefs about driving), to determine 
older drivers’ level of competence and driving behaviour. However, this model does 
not quantify the extent to which all these factors interact and contribute to driving 
behaviour and, therefore, to self-regulation practices.  
2.4.2.4 A stress-coping conceptual model of self-regulation 
Choi and colleagues (2012) developed a conceptual model of self-regulation (driving 
cessation), based on the existing stress-coping model developed by Lazarus and 
Folkman (e.g. Lazarus, 1966, Lazarus & Folkman, 1984). In this model, primary 
stressors (visual, cognitive and functional impairments) produce secondary internal 
(e.g., discomfort about driving) or external stressors (social pressure to stop driving) 
that might have an impact on an older driver’s decision to stop driving, which in turn 
impacts quality of life (Choi et al., 2012). Older drivers can adopt two different types 
of coping strategies (emotion-focused coping and problem-focused coping) to cope 
with the stressors (Choi et al., 2012). By adopting effective emotion-focused coping 
strategies, older drivers can, for example, accept the fact that they are at risk for driving 
and stop driving (Choi et al., 2012). However, adopting ineffective emotion-focused 
coping might lead to denial of their impairment and continuing to drive while at risk 
(Choi et al., 2012). Older drivers can also adopt problem-focused coping strategies and 
directly act to cope with their stressors, such as adopting self-regulation strategies 
(Choi et al., 2012). Other variables, such as sociodemographic characteristics, spatial 
(e.g., urban environment) and temporal (e.g., availability of public transport) contexts 
also have an impact on the model (Choi et al., 2012). Even though it is one of the first 
models to take into account the well-known stress-coping framework (Lazarus & 
Folkman, 1984) to describe driver self-regulation practices, the model did not quantify 
the extent to which all these factors interacted.  
 32 
 
2.4.2.5 The Multilevel Older Persons Transportation and Road Safety 
(MOTRS) model 
In the MOTRS model (Wong, Smith, Sullivan, & Allan, 2016b), self-regulation results 
from an inhibitory or excitatory trigger received in parallel from two factors: 
sociodemographic variables and driving-specific-variables, which have a combined 
influence on psychosocial factors. Sociodemographic variables refer to the factors that 
have an influence on individuals at a personal level (e.g., age, gender), age-related 
declines such as visual impairment, and on the environmental level (e.g., attitudes 
towards driving in society). Driving-specific-variables refer to the variables related to 
drivers’ mobility at an individual level (e.g., driving experience, mobility) and the 
environmental level (public transport, conditions of the roads). Psychosocial factors 
include variables such as driving confidence and perceived control. A recent study 
aiming to validate some of the construct of the MOTRS model confirmed previous 
findings (Wong et al., 2016b) that self-regulation practices were influenced by 
psychosocial factors which, in turn, were influenced by sociodemographic and 
driving-related factors. In their modified model, which only selected some of the 
constructs of the MOTRS model, they found that attitudes towards driving was the 
strongest predictor of self-regulating practices (Wong et al., 2017).  
2.4.3 Factors associated with driver self-regulation practices  
Driver self-regulation practices have been associated with a variety of factors, 
including attitudes towards driving (Wong et al., 2017), having less driving experience 
(Carmel, Rechavi, & Ben-Moshe, 2014), poor confidence in driving (e.g., Baldock et 
al., 2006; Carmel et al., 2014; Charlton et al., 2006; Molnar & Eby, 2008), and self-
awareness of personal abilities (Blanchard & Myers, 2010; Charlton et al., 2006; 
MacDonald, Myers, & Blanchard, 2008; Molnar & Eby, 2008). Previous studies also 
suggest that females self-regulate their driving more than males (e.g., Bergen et al., 
2017; Charlton et al., 2006; Conlon, Rahaley, & Davis, 2017). For example, a study 
analysing the self-regulation practices of drivers aged 75 or older found that women 
drove fewer kilometres (6,449 km) than men (9,274 km) per year. In addition, 29.3% 
of women reported driving every day, 58.0% quite a few times weekly, and 12.7% 
once a week or less. In comparison, men reported driving more frequently, with 41.3% 
reporting driving daily, 52.1% a few times a week , and 6.5% once a week or less 
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(Siren & Meng, 2013). 
Self-regulation strategies have also been associated with not being the principal driver 
in the household (Charlton et al., 2006), having been involved in a crash in the past 
two years (Charlton et al., 2006), visual problems (Bergen et al., 2017; Carmel et al., 
2014; Charlton et al., 2006), and poorer health (Bergen et al., 2017; Carmel et al., 
2014; Conlon et al., 2017). While previous research suggests that health outcomes and 
driver self-efficacy are directly associated with driver self-regulation practices, it has 
been found that driving experience and visual problems were mediated by driver self-
efficacy (Carmel et al., 2014). More specifically, contrast sensitivity (Fraser, et al., 
2013b; Freeman, Muñoz, Turano, & West, 2006; Keay et al., 2009; Rubin, 1994), 
visual acuity (Freeman et al., 2006; Keeffe, et al., 2002; Lotfipour et al., 2010), and 
stereopsis (Rubin, 1994) have been significantly associated with driver self-regulation 
practices among cohorts of older drivers. However, it has been suggested that a certain 
number of high-risk drivers, including those with visual impairments, did not practise 
self-regulation (Okonkwo et al., 2008). 
Increasing age has also been associated with higher odds of self-regulation (Carmel et 
al., 2014; Charlton et al., 2006), but it is apparent that the effect of age on self-
regulation is mainly because of the interaction between age and health declines 
(Donorfio, D’Ambrosio, Coughlin, & Mohyde, 2008). However, recent research has 
found that self-regulation practices were also common among younger drivers 
(Naumann, Dellinger, & Kresnow, 2011).  
These findings suggest that self-regulation might be related to a range of factors to be 
considered in addition to self-regulation as a compensatory strategy in response to 
functional declines because of ageing (Molnar, et al., 2013b). For example, such 
changes might also illustrate preventive strategies used to reduce crash risk and 
increase safety, or even illustrate older drivers’ lifestyle, such as changes in 
employment status or moving houses (Charlton et al., 2006; Molnar et al., 2013b) or 
even individual preferences (Molnar et al., 2013b). Molnar et al. (2013b) found that 
driving behavioural changes were mostly associated with personal preferences and 
lifestyle rather than self-regulation practices. Previous research also found that self-
regulation involved not only behavioural changes but also psychological processes 
(Donorfio et al., 2009; Lindstrom-Forneri et al., 2007; Wong et al., 2016a,b), such as 
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attitude towards driving (Wong et al., 2017). 
2.4.4 Older drivers and self-regulation practices  
While previous research also found that a significant number of high-risk drivers did 
not self-regulate their driving (Okonkwo et al., 2008) or that a low number avoided 
driving in challenging situations (Charlton et al., 2006; Gwyther & Holland, 2012; 
Horswill, Anstey, Hatherly, Wood, & Pachana, 2011; Molnar & Eby, 2008; Sullivan 
et al., 2011; Wong, Smith, & Sullivan, 2015), other studies found that a high number 
of older drivers did self-regulate their driving (Ball et al., 1998; Ruechel & Mann, 
2005). The extent to which older drivers self-regulate their driving varies widely 
among studies. This could be attributed in part to the definition of self-regulation, the 
sample size and its characteristics, the variety of questionnaires used, the specific 
situations measured, and the factors chosen to measure driver self-regulation practices. 
For example, two studies conducted among older drivers found that only 
approximately 25% of participants self-regulated their driving (Charlton et al., 2006; 
Molnar & Eby, 2008), and in another study, self-regulators accounted for 15% 
(Molnar, et al., 2013b) of the sample.  
2.4.5 Self-regulation practices 
2.4.5.1 Avoiding driving in challenging situations 
Older drivers seem to avoid specific driving situations that they find challenging for 
themselves. For example, a study aiming to compare self-reported driving 
performances with objective on-road measures of driving found that participants self-
reported having trouble when driving into the sun, at night or dusk, in wet conditions 
and in unfamiliar situations (Wood, Lacherez, & Anstey, 2013b). Another study found 
that the three most common situations drivers aged 75 and older reported avoiding 
were driving when not feeling well, when tired and when the road was slippery (Siren 
& Meng, 2013). In another study, the three most common situations avoided were 
driving in the rain or fog, at high speed, and at night or in the dark (Carmel et al., 
2014). Similarly, previous research found that the most common situations avoided by 
older drivers were driving during night time (19.1%), driving when weather conditions 
were bad (8.8%), using expressways (8.8%) and driving outside of local areas (13.2%) 
 35 
 
(Molnar & Eby, 2008). Those results were supported in a study by Molnar et al., 
(2013b) who found driving during peak hour traffic (46%), at night time in bad weather 
(44%), in bad weather (35%) and at night time (22%) were the situations most 
commonly avoided by older drivers. Yet again, another study conducted among 860 
drivers found that situations mostly avoided by older drivers aged 70 and over were 
driving in the rain or fog, at high speed, at night or in the dark, long trips, passing other 
vehicles and in unfamiliar places (Carmel et al., 2014). Driving situations that drivers 
reported avoiding were mostly linked to inner states or adverse conditions rather than 
conditions related to infrastructure (Siren & Meng, 2013). On the other hand, the 
situations reported being the least-avoided were roundabouts, left turns and junctions 
without traffic lights (Siren & Meng, 2013), driving in the neighbourhood or in the 
city (Carmel et al., 2014) and driving alone (Molnar et al., 2013b).  
2.4.5.2 Changes in driving exposure 
Despite the discrepancies among studies about the specific challenging situations most 
avoided by older drivers, a growing body of evidence has found that older drivers also 
self-regulate their driving by reducing their driving exposure (Owsley et al., 2003). 
Reduced driving exposure has been associated with visual impairment (e.g., Fraser et 
al., 2013b; Freeman et al. 2005; Owsley et al., 1999; Ross et al., 2009; Sandlin et al., 
2014), loss of confidence (Blanchard & Myers, 2010), impaired physical function 
(Vance et al., 2006) and cognitive function (Ross et al., 2009; Stutts, 1998; Vance et 
al., 2006).  
In Charlton et al. (2006), 41% of drivers reported that they had reduced the distances 
driven when compared to distances they drove five years previously, while 45% of 
drivers did not make any changes in the number of kilometres driven. Similarly, a 
longitudinal study over four years found that participants reduced the weekly distance 
driven compared to four years previous, reduced from an average of  94 miles (151.278 
kilometres) per week in the first year to an average of 78 miles (125.529 kilometres) 
per week during the last year (Braitman & Williams, 2011). In that study, lifestyle and 
social changes were associated with the changes in driving exposure throughout the 
years (Braitman & Williams, 2011). More specifically, there was a reduction of 35 
miles (56 kilometres) driven per week if participants had lost their job or had retired, 
and 61 miles (98 kilometres) if they had moved from a retirement home to a private 
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home or assisted living (Braitman & Williams, 2011). However, there was an increase 
of 25 miles (40 kilometres) per week if they became divorced or widowed (Braitman 
& Williams, 2011). The Braitman and Williams (2011) study highlights again the 
importance of taking into account lifestyles changes (Charlton et al., 2006; Molnar et 
al., 2013b) when analysing driver self-regulation practices.  
2.4.6 Self-regulation practices and driving difficulty among older 
drivers with cataract 
Despite an increase in the number of studies examining older driver self-regulation 
practices in the last two decades, only a few studies have analysed the specific effects 
of cataract or cataract surgery on driving self-regulation practices. In terms of driving 
exposure, previous research found that older drivers with cataract reduced the number 
of days, trips and miles travelled per week in comparison to older drivers without 
cataract (Owsley et al., 1999). Similarly, a recent study found that 41% of older drivers 
waiting for first eye cataract surgery self-reported that they had reduced the number of 
hours and distance driven (Keay et al., 2016). First eye cataract surgery enabled to 
increase the average number of kilometres travelled per week by 22.3 kilometres per 
week (Fraser et al., 2013b). Another study found that 40% of participants who had 
cataract surgery started to increase their driving frequency after cataract surgery 
(Mönestam & Wachtmeister, 1997). However, Mönestam & Wachtmeister (1997) did 
not specify whether participants underwent first, second eye surgery or both eyes 
combined. 
Older drivers with cataract reported higher overall avoidance of driving in specific 
situations than drivers without cataract (Ball et al., 1998). More specifically, 47.5% of 
older drivers with bilateral cataract self-reported they did not drive in at least one 
difficult situation while waiting for first eye surgery (Fraser et al., 2013c). Likewise, a 
recent study conducted among older drivers on the waitlist for cataract surgery found 
that 53% of current drivers with cataract self-reported that cataract had impacted their 
driving (Keay et al., 2016). Driving at night was the most commonly avoided situation 
(40.4%), followed by driving on the freeway (12.1%), when it was raining (9.1%), and 
when parallel parking (8.1%) (Fraser et al., 2013c). In Keay et al. (2016), 26% reported 
they reduced their speed, and self-reported avoiding driving at night (85%), in the rain 
(36%), in unfamiliar places (28%), in peak hour traffic (15%) and over 20% long 
 37 
 
distances. Older drivers with cataract also preferred to be driven by others and to drive 
closer to their home, and reported driving slower than the general traffic (Owsley et 
al., 1999). However, these studies relied on self-reported questionnaires only, which 
might be subject to recall (Blanchard et al., 2010) and social desirability bias (Af 
Wåhlberg, 2010).  
2.4.7 Cataract, cataract surgery and driver self-regulation practices: 
identifying gaps in the evidence 
Although these findings suggest that cataract patients might self-regulate their driving 
while waiting for first eye cataract surgery, the majority of studies relied on self-
reported questionnaires, which might be subject to recall (Blanchard et al., 2010) and 
social desirability bias (Af Wåhlberg, 2010). These studies lacked objective and real-
world data. To date no research has used naturalistic driving data such as in-vehicle 
monitoring devices to measure self-regulation practices among a cohort of cataract 
patients.  
In addition, little is known about the self-regulation practices of older drivers 
throughout the cataract surgery process. Indeed, the majority of studies analysed the 
effects of cataract surgery in general, combining participants who underwent only first, 
second or both eyes surgeries in their analyses. Accurate determination of the extent 
to which cataract patients self-regulated their driving after first and second eye cataract 
surgery is difficult to determine from self-reported questionnaires only.  
Furthermore, little is known about the objective measures of vision that are specifically 
associated with driver self-regulation practices throughout the first and second eye 
cataract surgery process. While previous studies suggest that contrast sensitivity is an 
important measure to consider (e.g., Fraser et al., 2013b), those studies did not analyse 
the specific effects of contrast sensitivity on both eye surgeries separately.  
Gaining a better understanding of the separate impact of first and second eye cataract 
surgery on driver self-regulation status for bilateral cataract patients may enable 
ophthalmologists to better inform their patients about the effects of their vision 
impairment on driving ability throughout the cataract surgery process, and how best to 
manage these to improve their safety and the safety of other road users. Determining 
which objective measures of vision are associated with driver self-regulation practices 
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after first and second eye cataract surgery would also provide valuable information to 
licensing authorities and policy makers. 
2.5 Naturalistic Driving Studies  
An increasing number of road safety studies have used naturalistic driving studies in 
recent years to observe and analyse the driving behaviour of individuals in their 
“natural environment” using driver in-vehicle monitoring devices. These devices, 
which are connected to a participant’s car, measure a variety of driving behaviours 
including driving patterns, exposure, habits, and adverse events. They collect GPS 
time-stamped second by second data for speed, location, date of travel, kilometres 
travelled, type of roads used, conditions of travelling and start/end times of trips in real 
time (Grengs, Wang, & Kostyniuk, 2008).  
2.5.1 Naturalistic driving studies over self-reported measures 
Even though a large number of studies have relied on self-reported questionnaires or 
travel diaries to measure driving patterns and self-regulation practices in the past, 
research has found that self-reported measures of driving behaviour might be 
inaccurate and unreliable (Blanchard et al., 2010; Crizzle, Myers, & Almeida, 2013; 
Grengs et al., 2008; Huebner, Porter, & Marshall, 2006; Molnar et al., 2013a; Porter 
et al., 2015). Driver in-vehicle monitoring devices have various benefits over self-
reported measures such as questionnaires or travel diaries, as they provide valid and 
accurate measures of driving outcomes (Huebner et al., 2006) by overcoming the 
limitations of self-reported measures such as recall bias (Blanchard et al., 2010), social 
desirability (Af Wåhlberg, 2010) and participants’ rough estimates (Grengs et al., 
2008). They also provide more comprehensive measures of driving outcomes than self-
reported measures (Marshall et al., 2007). Monitoring devices record participants’ 
driving behaviour in real time as drivers are in motion, and they can collect a wide 
range of measures not collected by self-reported measures such as speed, hard 
acceleration, hard braking, and turns (Grengs et al., 2008; Marshall et al., 2007). As 
naturalistic data can provide information time-stamped second by second, they can 
also be associated with weather and light conditions, to determine the context in which 
the participants’ trips were made (Marshall et al., 2007).  
Naturalistic driving data are also considered by participants to be more practical and 
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convenient to use than self-reported measures (Blanchard et al., 2010; Marshall et al., 
2007) and enable the collection of driving data over a longer period of time (Grengs et 
al., 2008). If participants become fatigued when completing travel diaries over a long 
period (Marshall et al., 2007), high rates of non-completion might occur (Wolf, 
Guensler, & William, 2001). In-vehicle monitoring devices also minimise missing data 
or last-minute completion of travel diaries (Marshall et al., 2007). Previous studies 
have also used naturalistic driving data to measure driver self-regulation practices 
(Blanchard & Myers, 2010), which might be difficult to measure when self-reported.  
2.5.2 Disadvantages of naturalistic driving data  
Despite these advantages, using in-vehicle monitoring devices to capture participants’ 
objective driving patterns, exposure and habits has drawbacks. Naturalistic driving 
devices collect a large amount of data (Grengs et al., 2008) and, consequently, have 
been used over short periods of time (e.g., 7 days) in previous studies (Blanchard & 
Myers, 2010; Blanchard et al., 2010; Thompson, Baldock, Mathias, & Wundersitz, 
2016) to reduce the amount of data and the time needed for analysis (Thompson et al., 
2016).  
In addition, in-vehicle monitoring devices are often not equipped with hardware 
devices, such as key fobs (Porter et al., 2015) or cameras, which enable researchers to 
identify the driver of the vehicle. As a consequence, trips made might be attributed to 
the wrong drivers, such as participants’ family members or friends, which could affect 
the study results. 
Further, the collection of naturalistic driving data raises some ethical concerns for 
protecting the privacy and confidentiality of participants while conducting the research 
study (Blanchard et al., 2010; Grengs et al., 2008). As all participants’ driving patterns 
can be measured, including the exact location of places travelled, the speed and the 
occurrence of adverse events such as crashes, extra caution needs to be taken to protect 
participants’ privacy. Further, older drivers are often concerned that they might be 
reported to licensing authorities (Blanchard et al., 2010); these matters need to be taken 
into consideration when conducting naturalistic studies with a cohort of older drivers.  
The main disadvantage of using in-vehicle monitoring device over self-reported 
measures is that the purpose of a participant’s trips is not captured (Grengs et al., 
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2008). Therefore, previous studies suggest that naturalistic driving data should be used 
in conjunction with self-reported measures, as they provide complementary sources of 
information, such as the context of driving  (Blanchard et al., 2010; Molnar et al., 2018; 
Myers, Trang, & Crizzle, 2011). 
2.5.3 Naturalistic driving studies among older drivers 
Only a few studies have compared self-reported and naturalistic driving data among 
cohorts of older drivers  (e.g. Blanchard & Myers, 2010; Blanchard et al., 2010; 
Huebner et al., 2006; Marshall et al., 2007; Molnar et al., 2018; Thompson et al., 2016). 
Table 1 summarises the studies that compared self-reported and naturalistic driving 
data among cohorts of older drivers. The major findings of these studies will be 
summarised in the following pages. 
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Table 1. Studies comparing self-reported questionnaires and naturalistic driving among older drivers 
Study 
Sample 
Size Age Self-reported measure 
Naturalistic driving 
measure Results 
Babulal et al. 
(2016) 
N = 20 ≥ 65 years  -DHQ -GPS device Distance driven: 
-Strong correlation (r = 0.83; p ≤ 0.05) between the DHQ and the 
GPS device 
Blanchard et 
al. (2010) 
n = 61 Mean age = 80.4 
(SD = 5.5) (range 
= 67-92) 
-Adapted DHQ 
- Situation Driving Frequency 
(SDF) 
- Situation Driving Avoidance 
(SDA) 
-Trip logs 
-Travel diary 
-Interview 
-CarChip E/X® 
(device without GPS) 
-Otto Driving Mate® 
(GPS receiver) 
 
Distance driven: 
-Inaccurate estimation of distance driven: 25% of participants 
under/overestimated the distance driven by over 100 kilometres, 
while 55% by over 50 kilometres. 
Driving duration: 
-No significant differences in duration of trips between self-reported 
and naturalistic driving data:  
-When comparing the results obtained by the DHQ and the data 
logger without GPS, 34% of participants had similar results. 
57% of the sample overestimated their driving duration, while 9% 
underestimated it. 
Number of days driven, trips and stops made: 
-Underestimation of trips and stops made when comparing the travel 
diaries with the CarChip E/X®. 
- Similarity in the number of days driven between self-reported and 
naturalistic data with a perfect match for 52% of the sample. 
Self-regulation practices: 
-Participants self-regulate less than what they report. 
-No significant differences between the self-reported driving 
questionnaire and the naturalistic driving data at night time, at night 
time in bad weather, and on the freeways 
-Discrepancy between self-reported and naturalistic driving data 
while making turns across oncoming traffic, driving at dawn/dusk, in 
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Study 
Sample 
Size Age Self-reported measure 
Naturalistic driving 
measure Results 
bad weather, in heavy rain, fog, making trips over 2 hours, in 
unfamiliar routes, in peak hour on highways and in town, turning 
across oncoming traffic with and without signs, on highways, in rural 
areas and with a passenger. 
Hanson & 
Hildebrand, 
(2011) 
n = 60 Age range = 54-
92 
-Travel diary survey  -GPS receiver Self-regulation practices: 
-More self-regulation practices than what is self-reported  
-More than half of the sample avoiding night time driving, while only 
10% of the participants self-reported doing it.  
-40% of participants travelled less than 1% of the total number of 
kilometres travelled on highways, but only about 20% of the sample 
reported doing so.  
Huebner et al. 
(2006) 
n = 20 Men mean age = 
73.2 (SD = 9.1) 
(range: 60-89) 
Women mean age 
= 70.5 (SD = 7.7) 
(range:62-81) 
-DHQ -CarChip E/X® 
(device without GPS) 
-GeoExplorer II 
Trimble GPS receiver 
Distance driven: 
-Underestimation and overestimation of the distance driven with a 
coefficient of variation of 33.6%. 
Marshall et al. 
(2007) 
n = 20 Mean age = 78 
(range:70-85) 
-Travel diary -CarChip® (device 
without GPS) 
-FleetPulse™ (GPS 
receiver) 
 
Distance driven: 
-Very strong correlation between the travel diary and CarChip® (r = 
0.9; p < 0.01) 
-Moderate correlation between the travel diary and FleetPulse™ (r = 
0.56; p = 0.02) 
Molnar, et al. 
(2013a) 
n = 156 Mean age = 79.2 
(SD = 3.2) 
(range = 75-88) 
-Various self-reported 
questionnaires, functional 
assessments used in the 
Candrive II/Ozcandrive study 
(Marshal et al. 2013) 
-Advanced Driving Decisions 
and Patterns of Travel 
(ADDAPT) 
-Otto View-CD 
Autonomous Data 
Logging device (GPS 
receiver) 
Distance driven: 
-Correlation between self-reported and naturalistic driving data 
-Older drivers underestimating the total number of kilometres 
travelled per week by a factor of 0.44 
Number of days driven: 
Underestimation of the number of days driven per week when 
compared to naturalistic driving data by a factor of 0.49 
Self-regulation practices: 
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Study 
Sample 
Size Age Self-reported measure 
Naturalistic driving 
measure Results 
-Correspondence with a certain number of self-reported measure of 
driving avoidance and naturalistic data (driving on high speed roads, 
at night time and in unfamiliar places),  
- No correspondence for other situations (turning across oncoming 
traffic, driving in peak hour traffic) 
Molnar et al., 
(2018) 
n = 
2131 
Mean age = 71.2 
(range = 65–79) 
-Comprehensive questionnaire 
used and developed by Molnar 
et al. (2009) 
-Clinical assessment 
-GPS/datalogger Driving exposure (days driven and number of kilometres 
travelled): 
-Correspondence between self-reported and objective measures, but 
differences in gender:  
• Better match for women than men when looking at the 
number of days driven 
• Better match for men when looking at the total number of 
kilometres travelled 
 
Self-regulation practices: 
-Correspondence with all self-reported measure of driving avoidance 
and naturalistic data (driving at night, during rush hour, unfamiliar 
places and on high speed roads).  
• Different effects of gender on predictions when driving in 
unfamiliar areas, rush hour (marginal effect), and high speed 
roads. 
• Effect of age on predictions when driving during rush hour 
traffic 
-No correspondence when making left turn across oncoming traffic 
-Largest influence of driving comfort on the discrepancy between 
self-reported and objective measures, when adjusting for potential 
confounding factors.  
Myers et al. 
(2011) 
n = 47 Mean age = 77.2 
(SD = 6.6) 
(range = 65-91) 
-SDF 
-SDA 
- Driving Comfort Scale (Day)  
(DCS-D) 
-CarChip® (device 
without GPS) 
-Otto Driving 
Companion® (GPS 
Self-regulation practices: 
-Participants self-regulate less than what they report. 
- Actual driving scores on the frequency index were higher than on 
the SDF, with only two participants scoring the same  
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Study 
Sample 
Size Age Self-reported measure 
Naturalistic driving 
measure Results 
- Driving Comfort Scale 
(Night)  
(DCS-N) 
- Perceived Driving Ability 
(PDA) 
-General driving questionnaire 
-Interview 
receiver) 
 
-40 older drivers travelled at least once a week at night time, but only 
27.5% of those self-reported avoiding night time driving on the SDA 
scale  
Porter et al. 
(2015) 
n = 159 Mean age = 77 
(SD = 5)  
(range = 70-92) 
-Various self-reported 
questionnaires, functional 
assessments used in the 
Candrive II/Ozcandrive study 
(Marshal et al.2013)1 
-Otto View 
-CD Autonomous Data 
Logging device (GPS 
receiver) 
Distance driven:  
-Moderate agreement between self-reported and naturalistic data with 
a weighted kappa statistic of 0.57, even though no overall significant 
difference between both measures 
-45.3% estimated inaccurately the distance driven 
-34% of participants who misestimated their distance driven were 
within one adjacent category while 7.6% were within 2 categories  
Thompson et 
al. (2016) 
n = 55  Mean age = 79.9 
(SD = 3.8) (rural 
participants) 
Mean age = 80.7 
(SD = 3.5) (urban 
participants) 
(range = 75-90) 
- Driving Patterns 
Questionnaire (DPQ) 
-747ProS GPS Trip 
recorder 
Distance driven: 
-No significant difference between the DPQ and the GPS device 
Driving duration: 
- Correspondence in driving duration between both measures 
Self-regulation practices: 
-More self-regulation practices than what is self-reported in the DPQ 
in four measured driving situations: making turns across oncoming 
traffic, driving at night time, in peak hour traffic and on 
freeway/highway. 
                                                     
 
1 The question used for the present study was: “Please estimate the number of kilometres you have driven in the past year” with 8 categorical 
answers provided to the participants  
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2.5.4 Naturalistic studies and driver self-regulation 
Among the few older drivers studies that compared self-reported and naturalistic 
driving data, some studies found there was a correspondence between self-reported 
and naturalistic driving data (e.g., Babulal et al., 2016), while other studies found there 
was a partial correspondence for some measures of self-reported and naturalistic data, 
but a discrepancy for others (e.g., Blanchard et al., 2010; Molnar et al., 2013a).  
2.5.4.1 Driving exposure 
2.5.4.1.1 Distance driven 
Inconsistent findings have been found in the literature when comparing self-reported 
measures of distance driven with naturalistic data. Previous research suggests that both 
measures are concordant. For example, a study comparing two different types of in-
vehicle monitoring devices (data logger with GPS and data logger without GPS) with 
travel diaries among a cohort of older drivers from the general population, found a 
very strong correlation between self-reported measures of total distance travelled and 
the devices without the GPS (r = 0.9; p < 0.01) (Marshall et al., 2007). However, the 
correlation between the total distance travelled as measured by the travel diaries and 
the devices with GPS was moderate (r = 0.56; p = 0.02) (Marshall et al., 2007). 
Similarly, a pilot study aiming to compare self-reported and naturalistic driving data 
among older adults with and without preclinical Alzheimer’s disease, found a strong 
correlation (r = 0.83; p ≤ 0.05) between the DHQ and naturalistic driving data (Babulal 
et al., 2016). Another study found no significant difference in the number of kilometres 
travelled during the week between self-reported and naturalistic driving data 
(Thompson et al., 2016).  
However, four other studies found that self-reported measures of driving exposure 
were poor (Blanchard et al., 2010; Huebner et al., 2006), moderate (Porter et al., 2015) 
and of “greater concern” (Molnar et al., 2013a). In Blanchard et al. (2010), overall, 
participants overestimated or underestimated the distance driven. More specifically, 
25% of the sample, underestimated or overestimated the distance driven by over 100 
kilometres, while 55% by over 50 kilometres (Blanchard et al., 2010). Similarly, 
Huebner et al. (2006) found that participants underestimated and overestimated the 
distance driven in comparison to naturalistic driving data, with a coefficient of 
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variation of 33.6%. However, these studies only assessed driving behaviour for a short 
period of time.  
Another study that compared driving exposure, assessed by a self-reported 
questionnaire and an in-vehicle monitoring device over one year, found moderate 
agreement between both measures, with a weighted kappa statistic of 0.57 (Porter et 
al., 2015). Slightly fewer than half of the participants (45.3%) estimated inaccurately 
the distance driven, and 34% of participants who misestimated their distance driven 
were within one adjacent category (Porter et al., 2015). In all these previous studies, 
the misestimation was towards both directions (underestimation or overestimation) 
(Blanchard et al., 2010; Crizzle et al., 2013; Huebner et al., 2006; Porter et al., 2015). 
More specifically, in Porter et al. (2015), participants who self-reported driving fewer 
than or equal to 5,000 kilometres per year, constantly underestimated the numbers of 
kilometres travelled, while those who reported driving greater than or equal to 20 
kilometres per year constantly overestimated it compared to the data obtained by the 
in-vehicle monitoring devices. The authors concluded that licensing authorities or 
clinicians should not use self-reported measures for individual assessments of fitness 
to drive (Porter et al., 2015). However, in another study, the misestimation tended to 
be unidirectional, with older drivers underestimating the total number of kilometres 
travelled per week by a factor of 0.44 (Molnar et al., 2013a). 
2.5.4.1.2 Driving duration  
Previous research suggests that there is no significant difference between self-reported 
and naturalistic driving data, in terms of driving duration. In Blanchard et al. (2010), 
there was no significant differences in duration of trips when comparing the travel 
diaries to the data obtained by the data loggers without GPS. When comparing the 
results obtained by the self-reported questionnaire (the DHQ), with the data logger 
without GPS, 34% of participants had similar results. However, 57% of the sample 
overestimated their driving duration, while 9% underestimated it (Blanchard et al., 
2010). Similarly, another study found that self-reported measures of driving duration 
corresponded to naturalistic driving data (Thompson et al., 2016).  
2.5.4.1.3 Number of days driven, trips and stops 
Contrasting results have been found in the literature when analysing the number of 
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days driven. A study found that there was a similarity in the number of days driven by 
older drivers as obtained by the self-reported and naturalistic driving data (Blanchard 
et al., 2010). More than half of the sample (52%) was able to exactly report the number 
of days driven (Blanchard et al., 2010) during the week. In addition, in Blanchard et 
al. (2010), participants underestimated the number of trips and stops made when 
comparing the travel diaries with the data logger without GPS. Another study found 
that older drivers tended to under-report the number of days driven per week when 
compared to naturalistic driving data, by a factor of 0.49 (Molnar et al., 2013a).  
2.5.4.2 Avoiding driving in challenging situations  
In the same way, studies that have compared self-reported and naturalistic driver self-
regulation practices have found contrasting results. In Blanchard et al., (2010), 
participants did not self-regulate as much as they reported. There was no significant 
differences between the self-reported driving questionnaire and the naturalistic driving 
data at night time, at night time in bad weather, and on the freeways (Blanchard et al., 
2010). However, there was a discrepancy between self-reported and naturalistic 
driving data while driving in all other situations, including making turns across 
oncoming traffic, driving at dawn or dusk, in bad weather, in heavy rain and fog 
(Blanchard et al., 2010). Similar results were found in another study: older drivers 
drove more frequently in challenging situations than what they self-reported (Myers et 
al., 2011). Another study found that there was a correspondence between a certain 
number of self-reported measure of driving avoidance and naturalistic data (driving on 
high speed roads, at night time and in unfamiliar places), but not for others (turning 
across oncoming traffic, driving in peak hour traffic) (Molnar et al., 2013a).  
In contrast, two other studies found that older drivers self-regulated more of their 
driving than what they self-reported (Hanson & Hildebrand, 2011; Thompson et al., 
2016). In Thompson et al., (2016), older drivers’ driving avoidance was measured in 
four driving situations (making turns across oncoming traffic, driving at night time, in 
peak hour traffic and on freeways/highways) and compared to the results obtained 
from the Driving Patterns Questionnaire. In each of the four situations there was no 
association with the naturalistic driving data (Thompson et al., 2016), because the 
majority of participants under-reported driving avoidance in these situations. Only 
16% of participants reported that they “sometimes”, “often” or “always” avoided 
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making right hand turns across oncoming traffic, and 24% of participants had a greater 
ratio of left to right turns (Thompson et al., 2016). As well, while none of the 
participants reported “always” avoiding driving on freeway/highway, approximately 
36% of participants did not drive on these types of roads, even though those 
participants came from rural areas where there was a higher number of 
highways/freeways (Thompson et al., 2016). Also, night time driving did not occur for 
46% of participants, even though only 44% of participants reported avoiding it 
(Thompson et al., 2016). In the same way, 85% of the sample travelled 10% of fewer 
of their trips at night time, while 67% of older drivers self-reported that they “rarely” 
or “never” avoided driving in this situation (Thompson et al., 2016). Approximately 
50% of participants travelled 10% or fewer of their trips during peak hour traffic, while 
70% of the sample self-reported that they “rarely” or “never” avoided driving in this 
situation (Thompson et al., 2016). Similar patterns were found by Hanson & 
Hildebrand (2011): more than half of the sample avoided night time driving, while 
only 10% of the participants self-reported such avoidance. As well, 40% of participants 
travelled less than 1% of the total number of kilometres travelled on highways, but 
only about 20% of the sample reported doing so (Hanson & Hildebrand, 2011).  
The contrasting results between these studies could be attributed to different factors 
interacting together, including the different types and configurations of in-vehicle 
monitoring devices and self-reported questionnaires used, the definition of self-
regulation, the size and characteristics of the sample (e.g., proportion of males and 
females), the number of days of monitoring, as well as the statistical method chosen to 
measure the level of agreement. The inconsistency in results suggests that self-reported 
data alone might not be a reliable method to capture older drivers’ driving exposure 
and self-regulation practices. 
2.5.5 Naturalistic driving studies: identifying gaps in the evidence 
Although these studies suggest that self-reported data may not be accurate on their 
own, there is a lack of studies that relied on naturalistic driving data to analyse cataract 
patients’ driving behaviour. Self-regulation studies among cataract patients lack 
objectivity and accuracy, because data did not measure participants’ natural driving 
behaviour. Relying on self-reported data to measure self-regulation practices among 
cataract patients may therefore provide biased information on the complex association 
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between objective visual measures (e.g., visual acuity, contrast sensitivity and 
stereopsis) and other factors affecting driving outcomes and self-regulation practices 
throughout the cataract surgery process. Accurate and objective instruments are 
therefore required to analyse the specific effects of first and second eye cataract 
surgery on self-regulation practices to provide evidence-based guidelines to clinicians, 
licensing authorities, and policy makers.  
2.6 Summary and conclusion 
There will be a significant impact on-road safety as the proportion of older drivers with 
cataract increases, particularly between the waiting period between first and second 
eye cataract surgery. As driving depends heavily on visual function, cataract may have 
an impact on driving. As a consequence, older drivers with cataract may self-regulate 
their driving by avoiding challenging situations and/or reducing the number of 
kilometres and trips made. Previous research examining the effect of cataract and/or 
cataract surgery on driving outcomes focused on self-reported driving difficulty and 
self-regulation practices, which are subject to social desirability and recall biases. 
However, naturalistic studies using in-vehicle monitoring devices, which collect 
detailed GPS information, allow an accurate and objective examination of driving 
outcomes as well as driver self-regulation. To date, no published study has used 
naturalistic data to explore driving habits, adverse events, and driver self-regulation 
for older drivers with bilateral cataract before first eye, after first eye, and after second 
eye cataract surgery, which represents a significant gap in the literature. Furthermore, 
little is known about the objective measures of vision that are specifically associated 
with driver self-regulation practices throughout the first and second eye cataract 
surgery process. Although previous studies suggest that contrast sensitivity is an 
important measure to consider when assessing fitness to drive, those studies did not 
analyse the specific effect of contrast sensitivity on both eye surgeries separately. 
Gaining a better understanding of the separate impact of first and second eye cataract 
surgery on driver self-regulation status, and determining which objective measures of 
vision are associated with these practices, may provide valuable information to 
ophthalmologists, licensing authorities and road safety policy makers.  
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Chapter 3 Research Design  
3.1 Study Design  
A three year prospective cohort study of older drivers with bilateral cataract was 
undertaken from December 2014 to February 2017. Each participant was assessed at 
three time points: in the month before cataract surgery, at least one to three months 
after first eye cataract surgery and at least one month after second eye cataract surgery. 
3.2 Study Sample  
In Western Australia, all eligible patients with clinically significant cataract are 
undergoing surgery through the public hospital system at no financial cost. Eligible 
participants on the wait list for first eye cataract surgery were recruited from three 
public hospitals in Western Australia: Fremantle Hospital, Royal Perth Hospital and 
Sir Charles Gairdner Hospital. These three sites account for the majority of cataract 
surgery undertaken in Perth.  
Eligible criteria stipulated that participants were drivers aged 55+ years who had been 
diagnosed with bilateral cataract and who had never had cataract surgery previously. 
In order to increase the number of participants recruited over a short period of time, it 
was decided to include participants aged 55+. Participants were required to be on the 
wait list for first eye cataract surgery, possess a current WA drivers licence, drive at 
least twice a week, live in the Perth metropolitan area, and be able to communicate in 
English. Participants who had any other major eye conditions that would impact on 
visual outcomes after surgery, such as macular degeneration, glaucoma and 
retinopathy were excluded, as well as participants who underwent combined ocular 
surgery, such as cataract and vitrectomy. Participants with a cognitive impairment (a 
score less than 24 on the Mini-Mental State Examination), a diagnosis of dementia, 
Alzheimer’s disease, Parkinson’s disease or physical impairment (e.g., wheelchair 
users) were also excluded from participation.  
3.3 Sample Size Calculations 
The demographics of the participants of this study resemble those of Fraser et al. 
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(2013b), who recruited 99 participants from the same Perth setting. Fraser et al. 
(2013b) observed a mean driving exposure of 104.46 kilometres per week and a 
standard deviation of 88.41 kilometres per week from their participants before the first 
eye cataract surgery. With their n = 99 sample, Fraser et al. (2013b) detected a 
difference of 23.20 kilometres per week after the first surgery (p < 0.001). Therefore 
it was considered appropriate to base the sample size and power calculations of this 
new study to the study of Fraser et al. (2013b).  
This present study aimed to recruit a sample of at least n = 110 participants and 
anticipated that the majority would go through all three phases of assessments and 
follow-ups. It was expected that the present study would find a mean driving exposure 
of 104.46 kilometres per week from n = 110 participants before their first cataract 
surgery, similar to Fraser et al. (2013b) study. The standard deviation was rounded up 
from 88.41 and estimated to be 90 kilometres per week to be conservative. An effect 
size of 0.29, equating to a difference in mean driving exposure of 0.29 × 90 = 26.1 
kilometres per week after the first or second eye cataract surgery, would achieve 90% 
power at the 5% significance level. 
A sample of n = 111 participants was initially recruited to meet objectives 2, 3, 4, 5 
and 6 as outlined in this thesis. The attrition rate of participants after the initial phase 
of assessment was higher than expected: 83 participants returned for their follow-up 
assessment after the first eye cataract surgery, then 55 participants returned after their 
second eye cataract surgery. With n = 55 available towards meeting objectives 5 and 
6, an effect size of 0.40, equating to a difference in mean driving exposure of 0.40 × 
90 = 36.0 kilometres per week after the first or second eye cataract surgery, would still 
achieve 90% power at the 5% significance level.  
3.4 Recruitment of Sample  
Participants were recruited into the study using two different methods. The first was 
by direct contact by the ophthalmologists at Sir Charles Gairdner Hospital. The second 
was by an invitation letter followed by a phone call from the researcher at Fremantle 
Hospital and Royal Perth Hospital. These recruitment methods have been successfully 
used in previous studies among older participants with bilateral cataract (Fraser et al. 
2013a,b,c; Palagyi et al., 2017) .  
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At Sir Charles Gairdner Hospital, the researcher attended a cataract pre-admission 
clinic, which was held once a week. After being invited to take part in the study by the 
ophthalmologists, eligible participants were required to sign a form (Appendix A) 
permitting the researcher to contact the participants. The researcher then approached 
the participants to explain the study and to establish participant eligibility. As well, a 
participant information pamphlet was also provided to the participants (Appendix B) 
explaining the nature and purpose of the study. It was also specified to them that it was 
not compulsory to take part in the study and it would not impact on their treatment if 
they refused.  
At Fremantle Hospital and Royal Perth Hospital, the researcher received a list of all 
patients who were on a wait list for bilateral cataract surgery once a month. Participants 
were then sent an invitation letter (Appendix C) and a participant information pamphlet 
(Appendix B). This was followed up with a telephone call by the researcher one week 
later inviting the participants to take part in the research study and to also screen for 
eligibility.  
If the participants agreed to take part in the study, an appointment was made for the 
month prior to first eye cataract surgery. All participants were offered a taxi voucher 
to travel to and from the assessment, which was at Curtin University. A map with the 
researcher’s contact details and the date of appointment was provided or posted to each 
participant if the contact was made over the phone. Participants were reminded of their 
appointment by a phone call from the researcher prior to each of the three assessments.  
Six hundred and forty-five patients on the waitlist for first eye cataract surgery were 
reviewed for eligibility (Figure 1). Among those, 381 patients were ineligible. Reasons 
for exclusion included: patients not driving at least twice a week (n = 91), undergoing 
second eye cataract surgery (n = 85), having severe health issues impairing their ability 
to come to Curtin University for the assessments (n = 73), having comorbid eye 
conditions (n = 34), inability to speak English (n = 25), living outside the Perth 
metropolitan area (n = 23), undergoing combined eye surgery (n = 19), being younger 
than 55 years old (n = 11), having unilateral cataract (n = 10), using a wheelchair (n = 
5), having a cognitive impairment (n = 3), and having Parkinson’s disease (n = 2). One 
hundred and fifty-three eligible participants declined participation.  
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Figure 1. Flow chart of study sample 
The final sample consisted of 111 participants who were recruited from the three 
public hospitals (Table 2). The breakdown by hospital was as follows: 21% (n = 23) 
were recruited from Fremantle Hospital, 23% (n = 26) were recruited from Royal Perth 
Hospital and 56% (n = 62) from Sir Charles Gairdner Hospital.  
Table 2. Distribution of participants recruited at each site 
Site n 
Frequencies 
% 
Fremantle Hospital 23 21 
Royal Perth Hospital 26 23 
Sir Charles Gairdner Hospital 62 56 
Total 111 100 
Patients on the waitlist for cataract surgery assessed for eligibility 
n = 645
Eligible
n = 264
Declined 
participation
n = 153
Included
n = 111
Ineligible
n = 381
Not driving at least twice a week n = 91
Undergoing second eye cataract surgery 
n = 85
Severe health issues n = 73
Comorbid eye conditions n = 34
Non-English speaker n = 25
Living outside Perth n = 23
Combined eye surgery n = 19
Younger than 55 years old n = 11
Unilateral cataract n = 10
Wheelchair user n = 5
Cognitive impairment n = 3
Parkinson's disease n = 2
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3.5 Data Collection before First, after First and Second Eye 
Cataract Surgery 
Information was collected at three time points: in the month prior to first eye cataract 
surgery, at least one to three months after first eye surgery and at least one month after 
second eye cataract surgery (Figure 2). This time-frame was based on 
recommendations from the ophthalmologists, as the interval allows optimal vision to 
be reached. Identical assessments were undertaken each time point which took 
approximately ninety minutes to complete. Participants were offered a $10.00 gift 
voucher after the baseline assessment, a $15.00 voucher after the first follow-up 
assessment and a $20.00 voucher after the second follow-up assessment as a thank you 
for their participation in the study. All assessments were conducted by the same 
researcher.  
The mean duration between the baseline assessment and first eye cataract surgery was 
47.78 days (SD = 43.08). The first follow-up assessment was conducted between one 
to three months after first eye cataract surgery. The mean duration between first eye 
cataract surgery and the first follow-up assessment was 59.75 days (SD = 41.25). The 
second follow-up assessment was conducted at least one month after second eye 
cataract surgery. The mean duration between second eye cataract surgery and the 
second follow-up assessment was 111.44 days (SD = 40.24).  
Figure 2. Sequence and timeframe of data collection  
BASELINE:
In the month 
before first 
eye cataract 
surgery
FOLLOW-UP 1:
At least one to 
three months 
after first eye 
cataract 
surgery
FOLLOW-UP 2:
At least one 
month after 
second eye 
cataract 
surgery
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3.6 Study Instruments 
A questionnaire collecting information about participants’ sociodemographic and 
health information was administered by the researcher (Appendix D). Participants’ 
cognitive function was also assessed via the MMSE (Folstein, Folstein, & McHugh, 
1975) and the Useful Field of View (UFOV) (Visual Awareness, Inc.). Use of the 
UFOV was approved by the authors. Participants also undertook three visual tests, 
which included visual acuity, contrast sensitivity and stereopsis. Participants’ self-
reported driving habits and self-regulation practices were assessed using the DHQ 
(Owsley et al., 1999) (Appendix D). Participants were also provided with a travel diary 
they were required to fill in after each trip (Appendix E) and an in-vehicle monitoring 
device to collect naturalistic driving data. Table 3 summarises the instruments used for 
data collection at each of the three assessments.  
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Table 3. Study Instruments 
3.6.1 Objective measures of vision 
Three objective visual tests were administered by the researcher at each of the 
assessments. The researcher received training by an ophthalmologist in order to 
administer the visual tests. A standardised protocol was followed to ensure that visual 
testing was administered under standard conditions at each assessment. Visual testing 
was administered under constant luminance and without mydriasis each time. A light 
meter was used to ensure that light was kept constant and tape measures were used to 
ensure that participants were reading the charts at the required distance. Participants 
wore their habitual correction for visual testing, such as long distance glasses for the 
visual acuity test and reading glasses for the contrast sensitivity and the stereopsis tests 
if needed.  
Variable Instruments 
Objective measures of vision  
Visual acuity Early Treatment Diabetic Retinopathy Study (ETDRS) 
chart (Ferris, Kassoff, Brensick, & Bailey, 1982) 
Contrast sensitivity Mars Letter Contrast Sensitivity Test (Mars Perceptrix ©)  
Stereopsis Titmus Fly Stereotest (Stereo Optical Co., Inc.) 
Self-reported questionnaires  
Socio-demographic data Researcher administered questionnaire (Appendix D) 
Health information Researcher administered questionnaire (Appendix D)  
Driving exposure, habits, patterns and 
self-regulation practices 
Driving Habits Questionnaire (DHQ)(Owsley et al., 1999) 
(Appendix D) 
Driving exposure, habits, patterns and 
self-regulation practices 
Travel diary (Appendix E) 
Naturalistic driving data  
Driving exposure, habits, patterns and 
self-regulation practices 
In-vehicle monitoring devices (GO6 Geotab©) 
Cognition  
General cognitive function Mini-Mental State Examination (MMSE) (Folstein et al., 
1975) 
Processing speed Useful Field of View (UFOV) test software (Visual 
Awareness, Inc.) 
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3.6.1.1 Visual acuity 
Visual acuity is a measure of sharpness of vision which has been defined as “the spatial 
resolving capacity of the eye or the size of an object that can be resolved with an eye” 
(Kaiser, 2009). The Early Treatment Diabetic Retinopathy Study (ETDRS) chart is 
considered as “the gold standard” measure for the majority of primary outcomes of 
clinical trials or interventions (Hazel & Elliott, 2002; Kaiser, 2009). In Australia, 
drivers are required to have a minimum score of 6/12 in at least one eye or in both eyes 
to meet the visual acuity standards for driving (Austroads, 2017).  
Distance monocular and binocular visual acuity, were measured using an ETDRS chart 
(Ferris et al., 1982) (Figure 3). The chart consists of 70 letters, arranged in 14 rows of 
five letters each. The size of the letters progress from line to line, with bigger letters at 
the top and smaller letters at the bottom of the chart. Each line is of equal difficulty 
and each letter has a value of 0.02 logMAR. Lower scores on the chart represent better 
vision. The ETDRS chart was set up at a distance of 3 metres away from the 
participants by using a tape measure. The minimum external illumination of the room 
was set up at 480 lux to ensure 100% contrast. Better eye, worse eye and both eyes 
were measured.  
Scoring of the ETDRS chart was performed using the “staircase method”: Participants 
were asked to read the top-left letter on the chart and then read down the first letter of 
each row. When the test became challenging, participants were asked to read all the 
letters on the row. If any mistakes were made on that row, participants had to move to 
the row above and read again. According to standard protocol, participants were 
encouraged to make a guess if they were unsure. Participants were then asked to 
continue reading the chart until at least three mistakes were made in the same row, 
despite being pushed to guess. A letter by letter scoring method was used and scores 
were expressed as the logarithm of the minimum angle of resolution (logMAR) (Ferris 
et al., 1982) with possible scores ranging from -0.3 to 1 logMAR.  
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Figure 3. Early Treatment Diabetic Retinopathy Study (ETDRS) chart, 
used to measure visual acuity (Picture: Precision Vision) 
3.6.1.2 Contrast sensitivity 
Contrast sensitivity measures “the reciprocal of the minimum contrast required to 
detect objects, as objects with have small contrast with their background are difficult 
to detect” (Barten, 1999). Monocular and binocular contrast sensitivity were measured 
using the Mars Letter Contrast Sensitivity Test (Mars Perceptrix ©) (Figure 4). This 
test contains a set of three charts, which assess low retinal spatial frequencies for the 
left eye, right eye and both eyes (Mars Perceptrix©). Each chart consists of 48 letters, 
arranged in eight rows of 6 letters each and the value of each letter decreases by 0.04 
log units from left to right (Mars Perceptrix©). All three charts were set up at a distance 
of 50 centimetres from the participants by using a tape measure. The illumination of 
the room was set up at a minimal of 189 lux and a maximum of 377 lux and the chart 
was illuminated uniformly, according to standard protocol (Mars Perceptrix©). Better 
eye, worse eye and both eyes were measured and participants were required to wear 
their habitual correction for near vision. Participants were asked to read the chart from 
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left to right across each line, from top to bottom and were encouraged to guess the 
letters if they were unsure, until making two consecutive mistakes (Mars Perceptrix©). 
According to standard protocol, the number of errors prior to the final correct letter 
was subtracted from the last letter log contrast sensitivity value to obtain a score in log 
units (Mars Perceptrix©). The possible scores range from 0.00 to 1.92 log units. Higher 
scores on the test represent better contrast sensitivity. 
 
Figure 4. Mars Letter Contrast Sensitivity Test, used to measure contrast 
sensitivity (Picture Mars Perceptrix©) 
3.6.1.3 Stereopsis 
Stereopsis, a measure of depth perception, refers to our ability to “judge the relative 
distance of objects from the observer by means of binocular vision only” (Rabbetts, 
2007), because of the lateral displacement of the eyes, which have a different 
projection onto the retinas of both eyes. Stereopsis was assessed using the Fly Stereo 
Acuity Test (Good-Lite Co., Inc.) (Figure 5). This test assesses gross and fine 
stereopsis using the Wirt Fly and circles tests, from 4,800 to 20 seconds of arc. Lower 
scores on the test present better vision. It makes uses of vectographs that can be viewed 
through polarised 3D glasses.  
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Figure 5. Fly Stereo Acuity Test used to measure stereopsis (Picture: Good-
Lite Co., Inc) 
In section A of the test, participants are required to pinch the wing of a fly to assess 
gross stereopsis (ranging from 4,800 to 3,000 seconds of arc). In section B, which tests 
fine stereopsis, participants are required to identify which graded circle is popping out 
in three-dimension among 10 different squares, ranging from 400 seconds to 20 
seconds of arc. The measures were converted into log units and participants who could 
only identify the right wing of the fly were assigned a score of 4,800 seconds of arc.  
3.6.2 Cognition  
3.6.2.1 The Mini-Mental State Examination (MMSE) 
The MMSE was used to assess participants’ general cognitive function (Folstein et al., 
1975). A short test which takes approximately 10 minutes to administer (Molloy & 
Standish, 1997), it was initially developed to quantify the severity of cognitive 
impairment and cognitive changes over time (Folstein et al., 1975) and as a screening 
tool for clinicians (Molloy & Standish, 1997). Nowadays, it is the most widely used 
screening test of cognitive functioning (Tombaugh & McIntyre, 1992) and cognitive 
impairment (Burns, Brayne, & Folstein, 1998) and is frequently used in 
epidemiological studies and community surveys (Tombaugh & McIntyre, 1992) to 
assess participants’ cognitive eligibility for study inclusion (Molloy & Standish, 
1997). The test includes a variety of questions assessing orientation to time (maximum 
score = 5) and place (maximum score = 5), registration of three words (maximum score 
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= 3), attention and calculation (maximum score = 5), recall of three words (maximum 
score = 3), language (maximum score = 8), and visuoconstruction (maximum = 1) 
(Tombaugh & McIntyre, 1992). An overall score is calculated from the total number 
of correct responses (Folstein et al., 1975). Scores range from 0 to 30 with higher 
scores indicating better cognitive function (Folstein et al., 1975). A score of at least 24 
points is a common cut-off to indicate normal cognitive function and was part of our 
eligibility criteria (Folstein et al., 1975). None of the participants recruited in the 
present study had a score lower than 24. The MMSE is a valid (Burns et al., 1998) and 
reliable instrument (Folstein et al., 1975), possessing satisfactory psychometric 
properties (Tombaugh & McIntyre, 1992) with high levels of sensitivity for moderate 
to severe cognitive impairment, while it only possesses lower levels of sensitivity for 
mild cognitive impairment (Tombaugh & McIntyre, 1992). The MMSE internal 
consistency varies between 0.68 and 0.96 (Tombaugh & McIntyre, 1992) and has a 
test–retest ability of between 0.38 and 0.99, according to different studies (Tombaugh 
& McIntyre, 1992).  
3.6.2.2 The Useful Field of View (UFOV)  
The UFOV (Visual Awareness, Inc., Chicago, IL) is a widely used computer test which 
assesses higher order attentional skills and visual sensory information (Ball & Owsley, 
1993). It is divided into three subtests assessing visual processing speed, divided 
attention and selective attention (Figure 6).  
 
 
Figure 6. The Useful Field of View (UFOV) assessing processing speed 
(left), divided attention (middle) and selective attention (right) 
The UFOV has been commonly used in road safety research as a valid and reliable 
measure of crash risk (Clay et al., 2005). In the first subtest assessing processing speed, 
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participants are required to identify a stimulus (either a car or a truck), which is briefly 
presented in the centre of the screen. In the second subtest assessing divided attention, 
participants have to pay attention to two different targets presented simultaneously, 
and are first requested to indicate which target was presented in the centre of the screen 
(a car or a truck). Following this, they are required to identify which one of the eight 
cardinal directions the other target was presented, without having to determine the type 
of target (a car or a truck). The third subtest assessing selective attention is identical to 
the second subtest. However, the eight cardinal directions are surrounded by 47 
distractors represented by small triangles on the screen. While the UFOV can be used 
on a computer touchscreen, the version used in the current study used a PC-mouse 
format where participants had to select the stimuli with a mouse. A raw score between 
17 and 500 milliseconds was calculated for each test, based on the duration a 
participant took to identify correctly the objects presented at an accuracy level of 75%. 
As per the user’s manual, participants were assessed in a dark quiet room at a viewing 
distance between 46 and 71 centimetres from the monitor and were required to wear 
their short distance glasses if needed. A squared monitor of 17 inches was used and 
researchers ensured that glare on the screen was minimal, as required by the user’s 
manual. 
3.6.3 Sociodemographic and health status 
A structured researcher administered questionnaire was administered to collect 
information on participants’ sociodemographic and health characteristics (Appendix 
D). It included information on age, gender, marital status, country of birth, level of 
education, employment status, living arrangements, medications, health conditions, 
driver’s licence, years of driving experience, current prescription glasses or lenses 
worn. The health questionnaires included a list of pre-defined conditions to determine 
if participants had suffered from any musculoskeletal, circulatory, respiratory and 
endocrine conditions (Appendix D).  
3.6.4 Self-reported driving  
3.6.4.1 The Driving Habits Questionnaire  
The Driving Habits Questionnaire (DHQ) (Owsley et al., 1999) (Appendix D) was 
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used to collect information on six driving domains: “current driving status and 
miscellaneous issues”, “driving exposure”, “dependence on other drivers”, “driving 
difficulties”, “driving space”, and “self-reported crashes and citations”. The driving 
difficulty section of the DHQ (Owsley et al., 1999) was used to examine participants’ 
self-reported self-regulation practices. As the six domains of the DHQ are scored 
separately, using only the driving difficulty section to assess self-regulation practices 
was appropriate and did not have an impact on its interpretation. This section of the 
questionnaire collected information on eight specific driving situations: driving in the 
rain, driving alone, parallel parking, turning across oncoming traffic, driving on 
highways/freeways, driving on heavy traffic roads, driving in peak hour traffic, and 
driving at night time. Driving in the rain, driving alone, parallel parking, and turning 
across oncoming traffic were not included in the analysis because these conditions 
could not be recorded by the in-vehicle monitoring devices. Participants were required 
to indicate if they had stopped driving in each of these four situations: driving on 
highways/freeways, on heavy traffic roads, in peak hour traffic, and at night time. 
Participants were considered to self-regulate their driving if they indicated that they 
stopped driving in a situation, regardless of the reason. Self-regulation practices for 
each of the four specific domains were considered as binary variables; if participants 
indicated that they stopped driving in that situation, a score of 1 was assigned; if they 
indicated that they did not stop driving in that situation, a score of 0 was assigned. In 
accordance with previous Australian studies that have used the DQH (Fraser et al., 
2013b,c), some adjustments were made to the original questions (Owsley et al., 1999) 
to account for the Australian driving context. For example, while on the original DHQ 
participants were asked whether they made “left turns in traffic”, in Australian studies 
(Fraser et al., 2013b,c) participants are asked whether they make “right hand turns 
across oncoming traffic” to account for the fact that people drive on the left side of the 
road. The DHQ has been previously used to assess driving behaviour of older drivers 
with cataract (Fraser, et al., 2013b,c; Owsley et al., 1999) and specifically in Western 
Australia (Fraser et al., 2013b,c). The DHQ is reliable and has good to high internal 
consistency with Cronbach’s alpha coefficients ranging from 0.572 to 0.961 for the 
different sections (Song, Chun, & Chung, 2015). The driving difficulty section of the 
questionnaire has been shown to have a high Cronbach alpha coefficient of 0.871 
(Song et al., 2015) and a test–retest reliability of 0.60 ranging from 0.44 to 0.74 
(Owsley et al., 1999).  
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3.6.4.2 Travel diary 
A travel diary was provided to each participant at the end of each of the three 
assessments (Appendix E). Participants were required to complete it each time they 
drove a motor vehicle (motorbikes or scooters were excluded) for a period of 7 days. 
They were instructed to fill out the diary as soon as possible after the completion of 
the trip to avoid any recall bias. Information collected included: date, start and finish 
time of a trip; kilometres travelled; the age and position in the car of passengers (front 
seat vs. back seat); make, model and year of the car; and purpose of the trip. 
Participants were required to treat trip chains as different trips and to indicate if 
someone else drove their car while the device was recording; thus, the data from these 
trips were not included in any of the analyses. The travel diaries were returned to the 
researcher in a pre-paid envelope at the end of the 7-day period. Travel diaries have 
been used in previous studies among older drivers, in addition to in-vehicle monitoring 
devices (Blanchard et al., 2010; Marshall et al., 2007).  
3.6.4.3 Driver in-vehicle monitoring device 
Participants were also provided with an in-vehicle monitoring device with GPS log 
receiver (Geotab G06TM, Oakville, Canada) (Figure 7) at each of the three 
assessments. Participants were required to use the in-vehicle monitoring device for a 
period of 7 days after each assessment.  
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Figure 7. In-vehicle monitoring device used to measure naturalistic driving 
behaviour 
The device data logger transmits GPS information in a real time manner via wireless 
transmission utilising the Telstra Telecommunication network. The small device 
(8.5x11x3.2cm) was manually connected to the cigarette lighter for vehicles 
manufactured before 2006 or onto the On Board Diagnostic II (OBD II) port of the 
vehicle for vehicles manufactured after January 2006 (Figure 8).  
 
Figure 8. In-vehicle monitoring device connected onto OBD II port (left) 
and the cigarette lighter (right) 
Participants were instructed to use the device for 7 days to record their naturalistic 
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driving patterns and to drive their car as they normally would in their daily routine. 
Participants were instructed how to connect and disconnect the device, and were 
required to connect it into their car only if they were the drivers of the vehicle. They 
were also instructed to move the device from one vehicle to another when driving 
another vehicle. They were shown by the researcher how to connect the device into 
their car and were provided with an information sheet (Appendix F). As the devices 
were automatically switched on when the ignition was turned on and shut down when 
the ignition was off, participants were not required to manipulate the devices and could 
drive without paying attention to them. Participants were required to return the in-
vehicle monitoring device in the same pre-paid envelope as the travel diaries. A 
follow-up interview was made by the researcher to ensure there was no issue while 
using the in-vehicle monitoring device and to confirm that no one else drove the 
vehicle while the device was connected. A check was made during the follow-up 
interview to ensure that participants recorded in their travel diaries whether they were 
the driver of the vehicle or not. Any trips reported as being made by another driver 
were removed during data cleaning. 
The data collected by the vehicles was read by a fleet management software 
(MyGeotab, Oakville, Canada) provided by Geotab©. Driving outcome measures that 
were collected included a variety of time-stamped second-by-second GPS data, such 
as date of travel, start and finish time of trips, number of trips, number of kilometres 
travelled, duration, average and maximum radius of driving exposure, speed, location, 
type of roads used (e.g., freeways, highways, heavy traffic roads), and time of day 
(e.g., day time, night time, sunset, sunrise, peak hour traffic, off peak hours). The in-
vehicle monitoring devices contained sensors which measured speed and acceleration 
directly. The device provided a time-stamp (date and time), the GPS positioning of the 
vehicle (latitude and longitude), the travel speed of the vehicle, the direction the 
vehicle was heading, and the G-force of the vehicle. The coordinates were then used 
separately to estimate the distance travelled and the relative distance between 
locations, in order to measure, for example, the trip radius. In order to determine night 
time and day time driving, the data obtained by the in-vehicle monitoring devices were 
linked to the Australian Government’s Bureau of Meteorology website (Australian 
Government, 2017). Day time driving was defined as the period between sunrise and 
 68 
 
sunset, while night time driving was defined as the period between sunset and sunrise. 
Peak hour driving was defined as the period from 6:00 a.m. to 9:00 a.m. and 4:00 p.m. 
to 7:00 p.m. during weekdays, from Monday to Friday. Heavy traffic roads were 
defined as roads with more than 4,000 vehicles per day per lane (Main Roads, 2015). 
To determine if participants drove on highways or freeways, the researcher examined 
an interactive map accessible on the fleet management software (MyGeotab, Oakville, 
Canada) (Figure 9). When trips took place in multiple conditions (e.g., trips that started 
during day time and ended during night time and trips that started on secondary roads 
and ended on freeways), the largest portion of the trips was classified as the dominant 
driving condition. 
 
 
Figure 9. Example of a trip provided by Geotab© illustrating a participant 
driving on the freeway  
The data collected was made available as three separate files downloaded from the 
fleet management software (MyGeotab, Oakville, Canada), for each device deployed: 
1) A first file called “speeding report” containing the instance-by-instance 
recording of driving data, of each time instance collected.  Attributes include the time 
stamp of the instance (date + time), the GPS positioning of the vehicle at that instance 
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as latitude and longitude, the travel speed of the vehicle at the instance, and the 
direction the vehicle was heading at the instance. 
2) A second file called “trips detail report” containing trip details as determined 
by Geotab© using their in-house algorithm.  The algorithm identified any prolonged 
stoppage of the monitored vehicle (trips that lasted less than 10 seconds or less than 
20 metres) and identified the associated time period of each as a “non-trip”.  Therefore, 
any driving performed between the “non-trips” would be classified as a trip, and the 
start and end times of each trip, as well as details such as locations, were summarised 
by Geotab© into the second file.    
3) A third file called “exceptions report” containing the time and location of any 
“event” having been recorded. “Harsh braking” events were observed by the in-vehicle 
monitoring device; to avoid spurious instances of high acceleration/braking, the less 
sensitive option provided by MyGeotab was chosen and was defined as an acceleration 
forward or braking smaller than -0.61G (Geotab©) (Branch, 2017). As a consequence, 
only acceleration forward or braking smaller than -0.61G were included in the 
analyses. The time stamp and location of all events were summarised by Geotab© into 
the third file. 
The data files were checked and verified to ensure the absence of any anomalies which 
were identified by a pilot study. Following the pilot study, it was discovered that 
additional trips were systematically recorded by the devices. 
These additional trips were due to two different reasons: 
a) Trips that were meant to be a unique trip were counted as separate trips: 
Geotab© determined the start and end of a trip by measuring when the engine was on 
and off. For example, when a car was idling at a red traffic light and then began moving 
when the light turned green, two trips were reported even though the driver was 
making one unique trip. Additional trips were also counted when the engine was on 
for a short period of time, such as when cars were moved a few metres in the driveway.  
b) Some trips were false trips: in certain car models, the vehicles monitoring 
devices plugged into the OBD II port tended to reboot themselves at midnight and send 
a false signal, which the device interpreted as a moving car, even though the car was 
stationary.  
A basic software program was developed to check for these abnormalities, to 
determine whether trips should be combined, counted as separate trips, or discarded. 
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Trips that lasted less than 10 seconds or less than 20 metres were excluded by the 
software as they were considered as “false trips”. Trips were then manually checked 
by the researcher to determine if the calculations made by the software were 
meaningful, and then corrected if the wrong decision was made. Spot checks on a 3D 
Google map by the researcher compared the longitudes and latitudes provided by the 
devices. The spot checks helped to determine, for example, whether a car was idling 
at a traffic light and was therefore part of the same trip or a chain of trips. The data 
was also further cleaned by the researcher to remove trips made by people other than 
the participant, as well as trips made from and to Curtin University as they were not 
part of participants’ usual driving behaviour. All files were then uploaded onto a secure 
server at Curtin University. 
The three cleaned files were then merged into a single Excel summary file for each 
individual device using a customised algorithm. The trip starts and trip ends from the 
second file (trips detail report), as well as events from the third file (exceptions report), 
were matched to the correct instances from the first file (speeding report). The 
summary file summarised the driving per trip (every single trip), as well as the purpose 
per trip-type (such as going to the shops and returning home).  A unique identification 
number was created for all trips, with each instance of driving then linked to one of 
these identification numbers, so that only instances associated with a particular trip 
would be collected and aggregated for that trip. For example, attributes such as average 
speed, average distance and number of events were calculated and summarised for all 
trips. Using time and destination data, each trip was further associated with multiple 
trip types. Additional variables defining different trip types, such as day of week 
(weekday or weekend), daylight (day or night), time of day (peak or non-peak hours), 
purpose of trip (work, leisure, etc.,) were created and matched for each instance 
recorded. For example, the average speed, average distance, and number of events, 
etc., of “weekday peak hour” trips would only be collected and aggregated from those 
instances with “weekday” as the day of week variable, as well as “peak” as the time of 
day variable. 
Additionally, because the date, time, and GPS position of the vehicle was known, the 
calculation of the solar position relative to the vehicle was possible for each instance 
recorded using standard formulations. Therefore, the availability of sunlight was 
known for each instance of driving in a reliable manner. This was desirable as a simpler 
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definition of day time as hours between 6:00 a.m. and 6:00 p.m. would be too crude, 
given that sunset and sunrise times would change throughout the year. 
The summary files for individual devices extracted from Excel were then merged into 
a single SPSS (SPSS Inc., Chicago, IL, USA) database for analysis, with information 
from the individual summaries rearranged and sorted into a single row of information, 
one row for each participant, in this SPSS (SPSS Inc., Chicago, IL, USA) database. 
The Geotab G06 TM devices have been previously used in a research study among older 
drivers (Payyanadan et al., 2017). 
3.7 Ethics Approval 
Ethics approval was obtained from Curtin University and the three participating 
hospitals (Appendix G). Following the tenets of the Declaration of Helsinki, written 
informed consent was obtained from each participant before data collection and a copy 
of the participant information sheet and consent form was provided to them (Appendix 
H). Participants were given the opportunity to ask any questions before enrolling into 
the study. This research study followed the National Health and Medical Research 
Council’s National Statement on Ethical Conduct in Human Research (National 
Health and Medical Research Council, 2015). 
Before any data collection, participants were informed that participation in the study 
was voluntary and that they could withdraw at any time without affecting their surgery 
or their relationship with their ophthalmologists at the hospital. A revocation of 
consent form was also provided to them in case they wanted to withdraw their consent 
(Appendix I). Participants were also informed that any identifiable information that 
was collected would remain confidential. They were also informed that data collected 
by the in-vehicle monitoring devices could be used in a court of law following a traffic 
accident, but not passed onto their health practitioners, the hospitals or the Department 
of Transport. All information collected was stored on the university server, password 
protected and anonymised. Only the researcher had access to the participants’ names 
and whereabouts, for the purpose of organising the participants’ follow-up 
appointments. However, separate files were kept for data collected and contact details 
of individuals. Identification information and contact details were destroyed after data 
collection. All information collected was stored on the university server and was 
password protected, with access limited to the researcher and the research team. 
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Participants’ consent forms were kept in a secure, locked filing cabinet at the Curtin-
Monash Accident Research Centre. The information collected will be held for at least 
7 years after the publication of the thesis.  
All tests were non-invasive and posed no risk to the participants. However, participants 
were provided with a free contact number (Lifeline: 13 11 14) to call if they felt 
distressed by any of the questions asked during the assessments. Participants were also 
advised that they did not need to answer any questions if the questions caused them to 
feel uncomfortable. If the visual tests showed that a participant did not meet the 
minimal visual standard for driving in at least one eye or both eyes (visual acuity 6/9 
or worse than 0.30 logMAR) (Austroads, 2017), the participant received a letter from 
the research supervisor advising them not to drive and to consult their general 
practitioner or ophthalmologist (Appendix J). A follow-up call was made by the 
researcher within 7 days to see if the participant had sought medical advice. 
3.8 Statistical Analysis  
3.8.1 Descriptive and inferential statistics 
Descriptive statistics were used to summarise the sociodemographic characteristics, as 
well as the health, visual, cognitive and driving characteristics of the cohort, at baseline 
and after both, first and second eye cataract surgery. Inferential statistics were used to 
assess changes among all variables of interest throughout the cataract surgery process.  
Paired-samples t-tests were used to compare the differences obtained by the travel 
diaries and in-vehicle monitoring devices, in terms of kilometres driven, number of 
trips, driving duration in minutes and number of trips driven on the weekends, during 
peak hour traffic, at night time and for overall driving.  
Independent sample t-tests for continuous outcomes (age, driving experience, number 
of comorbidities, number of medications, MMSE score, UFOV score, number of trips, 
kilometres travelled, number of days driven, driving duration and maximum excursion 
radius from home) and chi-squared tests for categorical outcomes (gender, marital 
status, living arrangements and level of education) were used to compare the 
characteristics of the participants classified as self-regulators and non-self-regulators 
in terms of sociodemographic data, health status, driving characteristics, cognitive 
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abilities, and objective visual measures.  
Cohen’s Kappa coefficient was used to measure the relative agreement between the 
information obtained from the self-reported DHQ and the in-vehicle monitoring 
devices. Cohen’s Kappa coefficient is suitable for categorical data (Pallant, 2007). 
One-way repeated measures of analysis of variance (ANOVA) were used to measure 
the changes in the three objective measures of vision before surgery, between surgeries 
and after second eye cataract surgery. One-way repeated measures of ANOVA are 
suitable when comparing the mean scores of the same subjects on the same continuous 
scale on more than two occasions (Pallant, 2007). Cochran Q tests were used to analyse 
the changes in driver self-regulation status before first eye surgery, and after both first 
and second eye cataract surgery in the following driving situations: on heavy traffic 
roads, at night time, on the freeway, and on heavy traffic roads. Cochran Q tests are 
suitable when analysing changes in frequencies across time with non-parametric 
categorical data (Bayaga & Lekena, 2010). 
3.8.2 Multiple linear regression 
To determine whether there was an association between the three objective measures 
of vision (binocular visual acuity, binocular contrast sensitivity and stereopsis) and 
driving exposure, a simple multiple linear regression was undertaken. Multiple linear 
regressions are used to explore the association between one continuous dependent 
variable and at least two or more predictors or independent variables (Tabachnick & 
Fidell, 2013). Standard multiple linear regressions are adapted for this type of analysis, 
taking into account that the sample size is big enough, variables are not multicollinear, 
outliers are excluded, and residuals are independent (Tabachnick & Fidell, 2013). 
Driving exposure, a continuous variable, was entered as the main outcome and the 
three objective measures of vision as explanatory variables. As we were interested in 
how much variance in driving exposure could be explained by the measures of vision, 
the independent variables were entered as a group using a standard multiple regression, 
after controlling for potential confounding factors such as age, gender, retirement 
status, living arrangements, the number of comorbidities, and cognitive status 
(Tabachnick & Fidell, 2013).  
A multivariate logistic regression was also undertaken to analyse the association 
between driver self-regulation status and the three objective measures of vision. 
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Multiple linear regressions are not suitable with categorical dependent variables 
(Tabachnick & Fidell, 2013), such as self-regulation status. However, multivariate 
logistic regressions are suitable to explore the association between categorical 
outcomes with either continuous or categorical variables (Tabachnick & Fidell, 2013). 
Self-regulation status was therefore entered as the outcome variable. The three 
objective measures of vision were entered as explanatory variables, after controlling 
for potential confounding factors such as age, gender, marital status, comorbidities, 
cognitive function and divided attention. Gender and marital status were entered as 
categorical variables, while the remaining variables were entered as continuous 
variables. As we were interested in how much variance in self-regulation status could 
be explained by the measures of vision, the independent variables were entered as a 
group using a Forced Entry Method, to assess their predictive ability (Pallant, 2007). 
The Forced Entry Method is preferred over the Stepwise method, as the latter can be 
heavily impacted by random variation in the dataset (Pallant, 2007; Tabachnick & 
Fidell, 2013).  
3.8.3 Generalised Linear Estimating Equations (GEE) 
Two separate GEE logistic models were undertaken. The first model analysed the 
changes in self-regulation status before first eye, after first eye, and after second eye 
cataract surgery. Self-regulation status was entered as the outcome variable. The time 
of surgery, as well as the three objective measures of vision, were entered as 
explanatory variables after controlling for potential confounding factors such as age, 
gender, marital status, retirement status, number of comorbidities, and cognitive 
function. The time of surgery, gender, age, marital and retirement status were entered 
as categorical variables, while the remaining variables were entered as continuous 
variables. GEE methods provide a robust regression method accounting for correlated 
variables (Mancl & Derouen, 2001). They are used with repeated measures or 
longitudinal data where there is no independence of the observations within each 
subject (Zeger & Liang, 1986) and account for within-subject correlations (Ballinger, 
2004) by estimating the covariance matrix of the coefficients of regression (Zeger & 
Liang, 1986). Each of the main outcomes of the model were analysed as continuous 
variables. 
A second GEE logistic model was undertaken to specifically analyse which changes 
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in the three measures of vision were associated with driving self-regulation status. 
Self-regulation status was entered as the outcome variable. The three objective 
measures of vision were entered as explanatory variables, after controlling for potential 
confounding factors such as age, gender, marital status, retirement status, number of 
comorbidities, and cognitive function. Gender, age, marital and retirement status were 
entered as categorical variables, while the remaining variables were entered as 
continuous variables. 
All statistical analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago, 
IL, USA) and Stata 15 (Stata Corp, 2017). The level of significance was defined as  
p < 0.05. 
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Abstract 
 
Purpose: To examine driving exposure, habits and adverse events in older drivers with 
bilateral cataract using naturalistic driving data.  
 
Methods: Ninety six older drivers aged 55+ years were assessed in the month prior to 
first eye cataract surgery. Data collection consisted of a researcher administered 
questionnaire, a cognitive test and visual measures including visual acuity, contrast 
sensitivity and stereopsis. Participants’ driving exposure, driving habits and adverse 
events were measured using an objective in-vehicle driver monitoring device. A 
multiple linear regression model was undertaken to examine predictors of driving 
exposure in older drivers with bilateral cataract.  
 
Results: After controlling for potential confounding factors, only binocular contrast 
sensitivity (p<0.05) and gender (p<0.05) were significantly associated with kilometres 
travelled in a seven day period. One log unit increase in contrast sensitivity score was 
associated with an increase of 163 kilometres driven during the study period. Males 
drove an average of 50 kilometres more per week than women. Only eleven 
participants experienced an adverse event (harsh braking) during the driving 
monitoring period. 
 
Conclusion: The study provides a better understanding of the driving exposure, habits 
and adverse events of bilateral cataract patients while waiting for first eye cataract 
surgery. Contrast sensitivity is an important measure to consider when determining the 
impact of cataract on driving. Further longitudinal research is required to examine 
changes in visual measures, driving exposure, habits and adverse events after first eye 
surgery and whether second eye surgery provides additional benefits for driving.   
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Introduction 
 
Cataract is one of the leading causes of visual impairment worldwide. It is the main 
cause of blindness (51%) and accounts for 33 percent of visual impairment globally 
[1]. Approximately 50% of older people will develop cataract by their seventies and 
this increases to around 90% by their eighties [2]. The incidence of cataract worldwide 
has increased rapidly over the past 20 years and this is expected to continue as the 
population ages [3]. 
 
Cataract can affect multiple aspects of vision and a growing body of evidence suggests 
that older drivers with cataract are less safe to drive [4,5]. However, unlike other 
conditions of ageing, cataract can be easily corrected by surgery, which has been 
shown to reduce crash risk by thirteen percent one year after first eye surgery [6]. In 
Australia however, public hospital patients often wait long periods of up to 12 months 
before cataract surgery [6], generating concern among road safety and licensing 
authorities about the impact of unoperated cataract on driving exposure and ability.  
 
Previous research examining the effect of cataract surgery on driving outcomes has 
focused only on self-reported driving difficulty. A meta-analysis of five studies found 
that the risk of driving difficulty reduced by 88% after cataract surgery (OR 0.12, 95% 
CI 0.10 to 0.16) [7]. There has also been limited research investigating driving 
exposure and habits among cataract patients, and the research to date has used self-
report measures only [4,8]. These studies found that older drivers with cataract 
reported reduced driving exposure in terms of number of days, trips and distance 
travelled per week prior to surgery [4,8]. However, driving exposure was assessed 
using a self-reported questionnaire which has inherent biases and limitations. Previous 
research has found that self-reported measures of driving outcomes may be less 
reliable than naturalistic data collection methods [9,10].  
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Naturalistic studies which collect detailed GPS information allow an accurate and 
objective examination of driving outcomes such as driving exposure as well as adverse 
events including harsh braking. This rich source of information provides a means for 
assessing the safety impact of driving behaviours in an unobtrusive manner. Several 
studies to date have used in-vehicle devices to measure rapid deceleration events and 
have used them as a surrogate measure for near crashes [11,12] with positive 
correlations found between incidents, near crashes and actual crashes [13]. The 
deceleration and acceleration behaviour of drivers specifically has also been shown 
predict at-fault crash involvement [11].  
 
To date, no published study has used naturalistic data to explore driving exposure, 
habits and adverse events for older drivers with bilateral cataract. This information is 
of relevance to licensing authorities and clinicians in terms of understanding cataract 
patients’ driving habits in the waiting period for cataract surgery and the frequency of 
adverse events experienced. This would allow older drivers with cataract to be 
appropriately advised on driving risks they could face while awaiting first eye surgery 
and assist them in making an informed decision on whether they continue to drive or 
not during this wait time. Furthermore, the identification of participants whose driving 
performance would most benefit from cataract surgery would be useful in the 
prioritisation for surgery. Therefore the aim of this study was to describe the 
naturalistic driving exposure, habits and adverse events of older drivers with bilateral 
cataract who were awaiting surgery and to determine factors associated with driving 
exposure (kilometres travelled). 
Materials and methods 
 
Participants 
Participants awaiting first eye cataract surgery were recruited from three public 
hospital eye clinics in Western Australia either by an invitation letter or a direct 
approach made by clinicians at the hospitals. Inclusion criteria stipulated that 
participants were aged 55+ years, drove at least twice a week, had bilateral cataract 
and had no other significant eye conditions, such as glaucoma, macular degeneration 
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or diabetic retinopathy. Participants were excluded from the study if they were 
wheelchair-bound, diagnosed with dementia, Alzheimer’s disease, Parkinson’s 
disease, were non-English speaking or had cataract surgery previously.  
 
Data collection 
Participants were recruited between December 2014 and February 2017. Data 
collection consisted of a researcher administered questionnaire, a cognitive test, the 
Mini-Mental State Examination (MMSE) [14] and three objective visual assessments, 
which were administered at Curtin University. Participants were also provided with an 
in-vehicle monitoring device at the end of the assessment. Informed written consent 
was obtained from each participant before any information was collected, following 
the tenets of the Declaration of Helsinki. Ethics approval was obtained from the three 
participating hospitals (Fremantle Hospital, Royal Perth Hospital and Sir Charles 
Gairdner Hospital) and the Curtin University Human Research Ethics Committee. 
 
Questionnaires  
Sociodemographic data 
Information on age, gender, marital status, country of birth, level of education, 
employment status, living arrangements, medications, comorbidities, driver’s licence 
and years of driving experience were collected via a researcher administered 
questionnaire.  
 
Driving Habits Questionnaire (DHQ)  
All participants completed the Driving Habit Questionnaire (DHQ) [4]. It includes 
questions about actual driving, driving exposure, dependence, avoidance, crashes and 
driving space. This questionnaire has been previously validated for use with a Western 
Australian population of older drivers with bilateral cataract [8]. 
 
Mini-Mental State Examination (MMSE) 
The Mini-Mental State Examination (MMSE) [14] was administered to all 
participants. It assesses general cognitive function and is used as a screening tool for 
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cognitive impairment. Scores range from 0 to 30 with a higher score indicating better 
cognitive functioning. The inclusion criterion was a score ≥ 24 on the MMSE which 
indicates normal cognitive function.  
 
Measures of vision 
Three objective visual measures were administered under the guidance of an 
ophthalmologist under standard conditions, constant luminance and without mydriasis. 
Participants wore their habitual correction for visual testing.  
 
Visual acuity: Monocular and binocular visual acuity were assessed using an Early 
Treatment Diabetic Retinopathy Study acuity chart (ETDRS), calibrated for a 3 metre 
distance [15]. A letter by letter scoring method was used and scores were expressed as 
a logarithm of the minimum angle of resolution (logMAR).  
 
Contrast sensitivity: Monocular and binocular contrast sensitivity were measured 
using the Mars Letter Contrast Sensitivity Test, at a distance of 50 centimetres (Mars 
Perceptrix©) and expressed as log units.  
 
Stereopsis: Stereopsis was assessed using the Titmus Fly Stereotest (Good-Lite Co., 
Inc.) and scores were expressed as log seconds of arc.  
 
In-vehicle monitoring device 
All participants were provided with an in-vehicle monitoring device and instructed to 
use it for a period of seven days. Participants were instructed to only use it when they 
were driving their motor vehicle. They were also provided with a travel diary that they 
were asked to complete each time they drove their motor vehicle. The diary recorded 
the model, make and year of their vehicle, number, age and position of passengers, 
time, date, start and end time of the trip and distance travelled. At the conclusion of 
the monitoring period, a researcher interviewed participants to identify any issues with 
the devices and to confirm no one else drove the vehicle while the device was 
connected. Instructions were provided to all participants regarding the use of the 
device in the participant information sheet. They had to plug the device into their car’s 
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On Board Diagnostic II (OBD II) port for vehicles manufactured after January 2006 
or the cigarette lighter prior to 2006 (Fig 1). The in-vehicle monitoring GPS system 
transmitted time-stamped second-by-second data on speed and location for all trips 
and collected information on real time driving exposure, time, date of travel and 
adverse events, such as harsh braking. The GPS data was cleaned to exclude “false 
trips” of less than 200 metres or which lasted less than 10 seconds. Trips made from 
the University after the assessments were excluded, as they were not representative on 
the participants’ habitual driving behaviour.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. In-vehicle driver monitoring device. 
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Operational Definitions  
Adverse events were defined as a harsh braking episode. Harsh braking episodes were 
defined as G-force exertion more harsh than -0.61G (Geotab©). 
 
Day time driving was defined as the period from sunrise to sunset and night time 
driving as the period from sunset to sunrise, for each day. Specific times of sunrise and 
sunset for each day of the year were obtained from the Australian Government’s 
Bureau of Meteorology website (www.bom.gov.au).  
 
Driving between the hours of 6 and 9 a.m. or from 4 to 7 p.m. on weekdays was defined 
as peak hour driving. 
 
The mean excursion radius for a driver was calculated as the mean distance (km) of 
the vehicle from the home of the driver [16], scaled to the amount of time the vehicle 
was present at each location away from home while the vehicle was in motion (i.e. 
speed > 0), with the moments in time the vehicle was stationary (i.e. speed = 0) 
excluded from the calculations. 
 
Statistical analysis 
 
Descriptive statistics were used to summarise the sociodemographic and visual 
characteristics of the cohort. Driving exposure, habits and adverse events were also 
described in detail. Since the number of participants experiencing adverse events was 
low, only descriptive statistics were calculated. The primary outcome of interest was 
driving exposure as measured by total number of kilometres travelled in a seven day 
period prior to first eye cataract surgery. A multiple linear regression model was 
undertaken to determine the association between three objective visual measures 
(binocular visual acuity, binocular contrast sensitivity and stereopsis) and driving 
exposure in a seven day period. Binocular visual measures were chosen since these 
take into account how better and worse eye vision interact when undertaking tasks in 
the real world. The three objective measures of vision were entered as explanatory 
variables in the models and potential confounding factors such as age, gender, the 
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number of comorbidities, cognitive status, retirement status and whether the 
participant lived alone were controlled for. All statistical analyses were performed 
using SPSS statistical software, version 22 (SPSS Inc., Chicago, IL, USA). 
 
Results  
 
One hundred and eleven participants with bilateral cataract who were waiting for first 
eye cataract surgery were recruited into the study. Fifteen participants were excluded 
from the analysis due to poor data integrity from the in-vehicle monitoring device 
which was caused by faulty cigarette lighters and/or the loss of the monitoring devices. 
The final sample consisted of 96 participants.  
 
The ninety six participants ranged in age from 55 to 91 years old, with a mean age of 
73.4 years (SD=8.6). The mean number of years driving was 51.4 years (SD=10.6). 
As illustrated in Table 1, 18.8% of the sample were aged between 55 and 64 years, 
35.4% between 65 and 74, 36.5% between 75 and 84 and 9.4% were 85 or older. The 
majority of participants were male (52.1%), married or in a de facto relationship 
(57.3%), were retired (72.9%) and did not live alone (58.3%). Forty-five percent 
(44.8%) were born in Australia, 60.4% had completed a higher degree and 43.8% wore 
bifocal or multifocal glasses. Ninety-eight percent (97.9%) of the participants reported 
at least one comorbid medical condition in addition to cataract, with a mean of 5.4 
comorbid medical conditions per participant (SD=2.8). These conditions included 
musculoskeletal, circulatory, respiratory and endocrine conditions. Eighty-nine 
percent of participants were also taking prescribed medications, with a mean of 3.4 
(SD=3.0) medications taken per participant. All participants had normal cognitive 
function according to the MMSE, with an overall mean for the sample of 27.7 
(SD=2.1).  
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Table 1. Demographic characteristics of older drivers with bilateral cataract 
aged 55+ (n=96). 
 
Number Percent 
Gender   
Male 50 52.08 
Female 46 47.92 
Marital status   
De facto/ married 55 57.29 
Single/Separated Divorced/ Widowed 41 42.71 
Age group   
55-64 18 18.75 
65-74 34 35.42 
75-84 35 36.46 
>=85 9 9.38 
Highest educational level   
Primary or Secondary School 38 39.58 
Higher Education (University/TAFE) 58 60.42 
Country of birth   
Australia 43 44.79 
Other 53 55.51 
Employment status   
Retired 70 72.92 
Employed/self-employed 18 18.75 
Unemployed 6 6.25 
Medical disability pension 2 2.08 
Living arrangements   
Lives alone 40 41.67 
Lives with other people 56 58.33 
Habitual correction   
No correction 41 42.71 
Single vision spectacles 12 12.50 
Bifocals or multifocals 42 43.75 
Contact lenses 1 1.04 
Presence of comorbidities   
No 2 2.08 
Yes 94 97.92 
Prescription medication   
No 11 11.46 
Yes 85 88.54 
 
Responses to the self-reported DHQ questionnaire found that approximately half of 
the sample (51.1%) reported that cataract did not affect their driving. However, 10.6% 
of participants (n=10) reported that someone suggested that they stop or limit their 
driving in the past year. Among the participants who were told that they should stop 
or limit their driving, four participants did not drive at all during the seven day period. 
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Eighty-one percent of participants (80.9%) preferred to drive themselves rather than 
being driven by someone else and the majority of participants considered themselves 
to be good (46.8%), excellent (24.5%) or average drivers (25.5%). Only few 
participants considered themselves to be a fair (2.1%) or poor drivers (1.1%). Ninety-
seven percent of the sample (96.8%) owned their own car, and 98.9% used a seatbelt 
while driving. 
 
The results of the visual measurements prior to first eye cataract surgery are shown in 
Table 2. Mean binocular visual acuity, as measured by the ETDRS chart, was 0.14 
logMAR (SD=0.16). Mean binocular contrast sensitivity, as measured by the MARS 
contrast sensitivity chart was 1.65 log units (SD=0.15) and mean stereopsis as 
measured by the Titmus Fly test was 2.32 log seconds of arc (SD=0.72).  
Table 2. Visual characteristics of older drivers with bilateral cataract aged 55+ 
(n=96). 
 
Visual tests Mean SD 
Visual acuity (logMAR)   
Better eye 0.19 0.15 
Worse eye 0.43 0.29 
Both eyes 0.14 0.16 
Log contrast sensitivity   
Better eye 1.57 0.15 
Worse eye 1.37 0.34 
Both eyes 1.65 0.15 
Stereopsis (log seconds of arc)   
Both eyes 2.32 0.72 
 
In-vehicle monitoring devices 
The final sample used for the analysis of the in-vehicle monitoring device was 96 
participants. No significant difference was found between those who undertook the in-
vehicle monitoring and those who did not in terms of gender (p=0.77), age (p=0.45), 
visual acuity (p=0.65), contrast sensitivity (p=0.74), and stereopsis (p=0.62). A total 
of eight participants (8.3%) did not drive at all during the study period. Reasons for 
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this included “difficulties driving at night”, “in the rain”, or participants were told by 
someone else that “they should stop or limit their driving”.  
 
Overall driving exposure and naturalistic driving patterns 
Ninety-two percent of participants (n=88) drove during the 7 day period. As illustrated 
in Table 3, participants, overall, undertook an average of 15.6 trips (SD=10.5), drove 
an average distance of 115.8 kilometres per week (SD=99.0), and drove an average of 
4.40 days (SD=2.1) in a seven day period. The maximum distance that participants 
travelled from home was 14.1 (SD=11.9) kilometres. 
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Table 3. Naturalistic driving patterns of older drivers with bilateral cataract 
aged 55+ over a seven day period (n=96). 
 Mean SD 
Overall driving  (n=88)   
Kilometres travelled  115.77 98.97 
Number of trips 15.56 10.51 
Driving duration per week (minutes) 186.51 149.03 
Number of days driving 4.40 2.06 
Maximum excursion radius from home (km) 14.08 11.87 
Day time driving (n=88)   
Kilometres travelled 101.27 87.45 
Number of trips 14.04 9.15 
Driving duration during day time (minutes) 165.00 127.82 
Number of days driving 4.32 2.02 
Night time driving (n=43)   
Kilometres travelled 14.50 29.47 
Number of trips 1.52 3.49 
Driving duration during night time (minutes) 21.51 47.37 
Number of days driving 0.93 1.41 
Weekday driving (n=88)   
Kilometres travelled 86.10 72.56 
Number of trips 12.00 8.38 
Driving duration per weekday (minutes) 142.48 113.13 
Number of days driving 3.23 1.50 
Weekend driving (n=72)   
Kilometres travelled 29.67 42.67 
Number of trips 3.56 3.64 
Driving duration per weekend (minutes) 44.03 55.85 
Number of days driving 1.17 0.80 
Peak hour driving (n=75)   
Kilometres travelled 33.97 38.48 
Number of trips 4.56 4.39 
Driving duration during peak hours (minutes) 57.84 61.38 
Number of days driving 2.19 1.59 
 
Daytime driving 
Ninety-two percent of participants (n=88) drove during the daytime. Participants 
undertook an average of 14.0 trips (SD=9.2), drove an average distance of 101.3 
kilometres per week (SD=87.5), and drove an average of 4.3 days (SD=2.0) during 
daytime in a seven day period.  
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Night time driving 
Slightly less than half of the sample (45%) drove at night time (n=43). Participants 
undertook an average of 1.52 trips (SD=3.49), drove an average distance of 14.50 
kilometres (SD=29.47), and drove an average of 0.93 days (SD=1.41) during the night 
in a seven day period.   
 
Weekday driving 
Ninety-two percent of participants (n=88) drove during the week (Monday to Friday). 
Participants undertook an average of 12.0 trips (SD=8.4), drove an average distance 
of 86.1 kilometres (SD=72.6), and drove an average of 3.2 days (SD=1.5) during the 
work week.  
 
Weekend driving 
Seventy-five percent of participants (n=72) drove during the weekend. Participants 
undertook an average of 3.6 trips (SD=3.6), drove an average distance of 29.7 
kilometres (SD=42.7), and drove an average of 1.2 days (SD=0.8) during the weekend. 
 
Peak hour driving 
Seventy-eight percent of participants (n=75) drove during peak hour traffic. 
Participants undertook an average of 4.6 trips (SD=4.4), drove an average distance of 
34.0 kilometres (SD= 38.5), and drove an average of 2.2 days (SD=1.6) during peak 
hour traffic.  
 
Harsh braking events 
Eleven percent of participants (n=11) recorded at least one episode of harsh braking 
during the seven day period with the majority of these participants (90.9%, n=10) 
experiencing one episode of harsh braking, and one participant experiencing two 
episodes of harsh braking. Eighty-three percent (n=10) of harsh braking events 
occurred during the day, 16.7% (n=2) occurred during night time driving, while 41.7% 
(n=5) occurred while driving during peak hour traffic (Table 4). Eighty-three percent 
of harsh braking events (n=10) occurred while the participants were travelling on local 
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roads and 16.7% (n=2) of events occurred while they were driving on a freeway or 
highway. There was no significant differences between the participants who did and 
did not record any adverse events in terms of age (p=0.15), gender (p=0.68), binocular 
contrast sensitivity (p=0.73), binocular visual acuity (p=0.80) and stereopsis (p=0.79). 
Table 4. Frequency of harsh braking events. 
 n=12 % 
Harsh braking events   
Time of the day:   
Day time 10 83.3 
Night time 2 16.7 
Traffic:   
Peak hour 5 41.7 
Non-peak hour 7 58.3 
Type of roads:   
Highway/freeway 2 16.7 
Local roads 10 83.3 
 
Multivariate Analysis 
The results of the multiple linear regression model examining the association between 
visual measures and the total kilometres travelled in a seven day period are presented 
in Table 5. Binocular contrast sensitivity (p<0.05) and gender (p<0.05) were the only 
variables significantly associated with driving exposure (total kilometres travelled) 
after controlling for potential confounding factors. Neither binocular visual acuity 
(p=0.89) nor stereopsis (p=0.30) were significantly associated with driving exposure. 
Participants with better contrast sensitivity scores drove more kilometres than those 
who had poorer contrast sensitivity scores. More specifically, one log unit increase in 
contrast sensitivity score was associated with an increase of 163 kilometres per week 
driven during the seven day study period. Males drove an average of 50 kilometres 
more per week than females.   
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Table 5. Factors associated with total kilometres travelled for bilateral cataract 
patients waiting for first eye surgery (n=96). 
 Predictor B 
Standard 
Error 95% CI p value 
Total km travelled       
 Age -2.60 1.65 -5.88 0.68 0.12 
 Gender: (male) 50.49 21.85 7.05 93.94 0.02* 
 
Number of 
comorbidities 1.93 3.55 -5.13 9.00 0.59 
 
Living situation: 
(not alone) 13.43 21.27 -28.86 55.72 0.53 
 
Employment 
status: (retired) -18.32 29.91 -77.78 41.14 0.54 
 
Binocular visual 
acuity  10.15 72.17 -133.32 153.62 0.89 
 
Binocular contrast 
sensitivity  163.41 74.83 14.66 312.16 0.03* 
 Stereopsis -14.52 13.92 -42.19 13.15 0.30 
 
Cognition (MMSE 
score) 1.52 4.91 -8.23 11.28 0.76 
MMSE: Mini-Mental State Examination  
*p<0.05 
Discussion  
 
This is one of the first studies to specifically examine the driving exposure, habits and 
adverse events of older drivers with bilateral cataract, using objective naturalistic 
driving data as they wait for first eye cataract surgery. Driving is a complex task and 
cataract can negatively affect aspects of vision such as visual acuity, contrast 
sensitivity and stereopsis which can have a serious impact on driving ability [8,17]. 
The results of the study found that older drivers with poorer binocular contrast 
sensitivity drove significantly fewer kilometres per week prior to first eye cataract 
surgery, than those with better contrast sensitivity. This is consistent with findings 
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from the general older driver population [18]; however that research used self-reported 
driving exposure, which is subject to bias. Visual acuity was not significantly 
associated with driving exposure in this study and inconsistent findings have been 
reported on this relationship in the literature [19]. However, this study confirms 
previous findings that contrast sensitivity may be a more important measure related to 
a range of driving outcomes than visual acuity among cataract patients [5,8,20]. 
 
Gender was significantly associated with driving exposure with males driving more 
kilometres per week than females. Previous research also found that females report 
poorer driving confidence, greater driving difficulty and more negative attitudes to 
driving than males [21,22]. Females are also less likely than males to be the principal 
driver [22] which may explain the results of our study as 57% of participants were 
married.  
 
Previous research has consistently found that as drivers age, they report driving fewer 
kilometres per week [18,23]. This may be due to a variety of reasons which include 
older drivers having poorer health, mobility issues and being more frail [24]. However, 
the cohort in our study travelled fewer kilometres in a typical week than reported in 
previous older driver studies [10,25]. They also appeared to restrict their driving to 
their local neighbourhood with the mean distance travelled from home being fourteen 
kilometres. This restriction of driving to the local neighbourhood is consistent with 
other research among older drivers [26]. Eight participants did not drive at all during 
the seven day monitoring period while waiting for cataract surgery, due to driving 
difficulties or suggestions from others to stop or limit their driving. Overall, these 
findings may be indicative of participants acknowledging their driving limitations due 
to cataract and reducing their driving exposure. This reduction in travel by cataract 
participants as they wait for first eye surgery can be viewed as a positive safety 
response as it reduces their exposure on the road and the possible risk of crash 
involvement. It is also acknowledged however, that older drivers may participate in 
fewer activities that require driving due to changes in lifestyle or retirement [27]. 
Therefore, it should be noted that approximately 80% of participants in this study were 
retired or unemployed, which may have limited the need for travel by this group and 
contributed to the results.  
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Despite the overall low driving exposure observed, 81% of participants in this study 
still preferred to drive themselves rather than being driven by someone else, almost 
half of the cohort (n=43) drove at night time and 75 participants drove during peak 
hour which have been found to be challenging driving situations for older drivers with 
cataract [4]. This raises concerns about fitness to drive while waiting for cataract 
surgery. Previous research has found that older drivers with cataracts, despite limiting 
their driving exposure, have an increased risk for at-fault crashes compared to age-
matched controls without cataract [4]. This has also been confirmed in previous 
research which examined the impact of simulated cataract on driving performance 
[28,29]. Therefore, ophthalmologists could play an important role in ensuring that 
cataract patients are provided with adequate information about driving difficulties and 
risks they may experience due to cataract and how to limit their exposure to these while 
waiting for cataract surgery. They could then make an informed decision on whether 
they continue to drive during this period.  
 
Previous research has found that drivers who brake rapidly may be at a greater risk for 
a crash or a near miss [12]. In particular, a sudden stop has been shown to be associated 
with rear end crashes [30]. However, only eleven participants in this study recorded at 
least one episode of harsh braking. This is much lower than previous older driver 
research which found that 64% of participants were involved in at least one episode 
over a 12 month period [12]. Further research using a larger sample size over a longer 
period of time is required to explore this issue further, as the lower number of harsh 
braking events recorded might be due to monitoring the participants for one week only.  
 
A major strength of this study is that naturalistic driving behaviour was measured using 
objective in-vehicle monitoring devices in the participants own vehicle. However there 
are several limitations to this study. The strict inclusion criteria may have impacted on 
the generalisability of the results. Furthermore, participants’ naturalistic driving 
behaviour was only measured over a period of seven days, which may have limited 
driving exposure and the number of adverse events that were recorded. However, the 
choice of a seven day timeframe is consistent with previous naturalistic studies which 
has found this time frame to be representative of older drivers patterns and habits 
[9,25,31]. In addition, participants may have modified their driving behaviour while 
using the devices, due to the fact that their driving behaviour was monitored. A further 
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limitation is that 14% of participants were excluded from the study, due to missing 
information related to the devices. It should be noted however there was no significant 
difference between the two groups in terms of gender and age and visual impairment. 
Other visual measures such as visual field were also not collected in this study.  We 
also did not collect video footage of driving which would provide more in depth 
information regarding driving events. Further monitoring of driving exposure over a 
longer period of time before first eye cataract surgery and a larger sample is warranted. 
Despite these limitations, this study controlled for a wide range of potential 
confounding factors when examining the driving patterns, adverse events and exposure 
of older drivers while waiting for first eye cataract surgery.  
 
Conclusion 
 
The results of this study provide a better understanding of driving exposure, habits and 
adverse events of bilateral cataract patients while waiting for first eye cataract surgery. 
It also substantiates previous research that contrast sensitivity is an important visual 
measure to consider when determining the impact of cataract on driving. Further 
longitudinal research is required to determine the impact of first and second eye 
cataract surgery on the objective driving exposure, habits and adverse events of 
bilateral cataract patients, particularly as information on the impact of second eye 
cataract surgery on driving outcomes is lacking. 
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Do older drivers with bilateral cataract self-regulate their driving while waiting 
for first eye cataract surgery? 
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driving while waiting for first eye cataract surgery? Clinical Interventions in Aging, 
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ABSTRACT 
Background: Driving a car is the most common form of transport among the older 
population. Common medical conditions such as cataract, increase with age and 
impact on the ability to drive. To compensate for visual decline, some cataract patients 
may self-regulate their driving while waiting for cataract surgery. However, little is 
known about the self-regulation practices of older drivers throughout the cataract 
surgery process. The aim of this study is to assess the impact of first and second eye 
cataract surgery on driver self-regulation practices, and to determine which objective 
measures of vision are associated with driver self-regulation.   
Methods: Fifty-five older drivers with bilateral cataract aged 55+ years were assessed 
using the self-reported Driving Habits Questionnaire, the Mini-Mental State 
Examination and three objective visual measures in the month before cataract surgery, 
at least one to three months after first eye cataract surgery and at least one month after 
second eye cataract surgery. Participants’ natural driving behaviour in four driving 
situations was also examined for one week using an in-vehicle monitoring device. Two 
separate Generalised Estimating Equation logistic models were undertaken to assess 
the impact of first and second eye cataract surgery on driver-self-regulation status and 
which changes in visual measures were associated with driver self-regulation status.  
Results: The odds of being a self-regulator in at least one driving situation 
significantly decreased by 70% after first eye cataract surgery (OR: 0.3, 95% CI: 0.1 - 
0.7) and by 90% after second eye surgery (OR: 0.1, 95% CI: 0.1 - 0.4), compared to 
before first eye surgery. Improvement in contrast sensitivity after cataract surgery was 
significantly associated with decreased odds of self-regulation (OR: 0.02, 95% CI: 
0.01 - 0.4).   
Conclusions: The findings provide a strong rationale for providing timely first and 
second eye cataract surgery for older drivers with bilateral cataract, in order to improve 
their mobility and independence.   
Key words: older drivers, bilateral cataract, cataract surgery, self-regulation, contrast 
sensitivity 
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BACKGROUND 
Globally, driving a car is the most common form of transport among the older 
population in developed countries [1,2] and plays an important role in their lifestyle 
[3]. Driving cessation has been associated with poorer physical, social and cognitive 
function as well as depression [4]. As adults are living longer and healthier lives [5] 
the number of older drivers on the roads will increase, which will have a significant 
impact on-road safety [6].  
 
Cataract is a common medical condition which increases with age and impacts on the 
ability to drive, increasing crash risk as well as driving difficulties [7,8,9]. To 
compensate for visual decline, previous research has found that some patients with 
cataract may self-regulate their driving while waiting for cataract surgery [10,11]. Self-
regulation refers to an older driver adjusting their driving in response to a perceived 
deterioration in their health, cognitive or functional abilities [12] which may result in 
a reduction in their driving or avoidance of specific driving situations [12,13]. 
 
Surgery is a highly effective treatment for cataract. However bilateral cataract surgery 
is usually performed one eye at a time to avoid complications, such as endophthalmitis 
[14]. This means patients may be driving during the period between first and second 
eye surgery. To date, there is limited information about the impact of cataract surgery 
on driver self-regulation practices, specifically the separate effects of first and second 
eye surgery for bilateral cataract patients. While it is likely that first eye cataract 
surgery reduces the need for driver self-regulation it is unknown whether second eye 
surgery provides any additional benefits. As well, previous research has suggested that 
poor contrast sensitivity is strongly associated with driver self-regulation among the 
general older population [15,16,17,18,19]. It would therefore be useful to determine 
whether improvement in contrast sensitivity or other visual measures after first and 
second eye cataract surgery is associated with a reduction in driver self-regulation. 
 
Naturalistic driving studies using in-vehicle monitoring devices can provide objective 
and accurate measures of driver self-regulation practices [20] and are able to capture 
participants’ real life driving behaviour. A growing body of evidence comparing self-
reported driving behaviour and naturalistic driving data has found that older drivers 
often misjudge their kilometres travelled, days driven per week as well as frequency 
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of driving in challenging situations such as at night, in bad weather, in peak hour traffic 
and on highways [20,21]. Therefore it is recommended that these devices be used to 
monitor driving outcomes rather than self-reported questionnaires alone [22]. To date, 
no study has used naturalistic driving data to examine changes in driver self-regulation 
behaviour throughout the cataract surgery process. 
 
Therefore, the aim of this study is to assess the separate impact of first and second eye 
cataract surgery on driver self-regulation status, for bilateral cataract patients. A 
secondary aim of the study is to determine which changes in objective measures of 
vision are associated with changes in driver self-regulation status throughout the 
cataract surgery process.  
 
METHODS 
Study Design 
A longitudinal prospective cohort study of older drivers with bilateral cataract was 
undertaken as part of the larger Cataract Extraction Driving Ability Research Study 
(CEDAR Study) [23]. A convenience sample of eligible participants were recruited 
consecutively from three public hospitals in Western Australia through two methods: 
direct invitation from ophthalmologists during their visit to the eye clinic or invitation 
letter from the researcher. From 290 eligible patients invited to take part in the study, 
111 participated (38%) and 55 of these completed all three assessments.   
 
Eligibility criteria 
The inclusion criteria were: a diagnosis of bilateral cataract; aged 55+ years; a current 
Western Australian driver’s licence; and driving at least twice a week. Exclusion 
criteria for participants were: a diagnosis of any significant eye conditions such as 
macular degeneration, glaucoma or diabetic retinopathy; a diagnosis of dementia, 
Alzheimer’s or Parkinson’s disease; wheelchair-bound; did not speak English or had 
previous cataract surgery.  
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Data collection 
Eligible participants were recruited between December 2014 and February 2017. 
Information was collected at three time points for the participants: in the month before 
first eye surgery, at least one to three months after first eye surgery and at least one 
month after second eye surgery. Participants received a Participant Information Sheet 
and provided written informed consent before any data were collected, following the 
tenets of the Declaration of Helsinki. Ethics approval was obtained from the Curtin 
University Human Research Ethics Committee (Curtin University HR 29/2014), the 
Royal Perth Hospital Human Research Ethics Committee (Royal Perth #14-033), the 
South Metropolitan Health Service Human Research Ethics Committee (Fremantle 
Hospital #14-033), and the Sir Charles Gairdner Group Human Research Ethics 
Committee (Sir Charles Gairdner Hospital #2014-113).  
 
Questionnaires  
Participants’ demographic characteristics were collected. As well, the Driving Habits 
Questionnaire (DHQ) [10] collected information on participants’ self-reported driving 
patterns, exposure and self-regulation practices in eight driving situations at the three 
assessments. The DHQ has been previously validated for use among a population of 
older drivers with bilateral cataract in Western Australia [24].  
 
Mini-Mental State Examination (MMSE) 
General cognitive function was assessed using the Mini-Mental State Examination 
(MMSE) at the three assessments [25]. The inclusion criterion stipulated a score of at 
least 24 indicating normal cognitive function.  
 
Objective visual measures 
Visual acuity, contrast sensitivity and stereopsis were assessed at the three time points 
by the researcher under the guidance of an ophthalmologist. A standardised protocol 
was followed under constant conditions and luminance. Participants wore their 
habitual corrective lenses or glasses used for driving for visual testing. Monocular and 
binocular visual acuity were measured at a distance of three metres using an Early 
Treatment Diabetic Retinopathy Study (ETDRS) acuity chart [26]. Letter by letter 
scoring was used and scores were converted to the logarithm of the minimum angle 
resolution (logMAR). Monocular and binocular contrast sensitivity were measured at 
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50 centimetres using the Mars Letter Contrast Sensitivity Test [27]. Scores were 
expressed as log units and participants were encouraged to guess the letters if 
hesitating, as directed by the protocol. Stereopsis was measured using the Titmus Fly 
Stereotest (Good-Lite Co., Inc.), measuring disparity from 4800 to 20 seconds of arc. 
 
In-vehicle monitoring device 
A Geotab G06TM in-vehicle monitoring device with GPS log receiver was provided to 
the participants at the three assessments to record their naturalistic driving patterns for 
a period of seven days. The devices were connected either to the cigarette lighter for 
vehicles manufactured before 2006 or the On Board Diagnostic II (OBD II) port for 
vehicles manufactured after January 2006. The device can be easily inserted and 
removed and this was demonstrated to the participants. They were asked to disconnect 
the device if someone else drove the vehicle and move the device to any other vehicle 
they drove during the study period. Participants were also provided with a travel diary 
which was used to validate whether the participant was the driver of the vehicle for 
each trip. They were instructed to fill in the diary as soon as possible after the 
completion of each trip so their recall was accurate. Information collected included the 
type of vehicle driven, the number, age and position of passengers, purpose of the trip, 
date, start and finish time, odometer readings, trip duration and distance travelled. If 
they were unable to or forgot to disconnect the device when another person drove the 
vehicle, they were also asked to record this in the travel diary. After returning the 
device, each participant was interviewed to clarify any data issues, check their use of 
multiple vehicles and confirm whether there had been any other drivers of the vehicle 
while the device was connected.  
 
The objective data obtained from the in-vehicle monitoring device included driving 
exposure, time and date of travel, speed, type of road and location. Night time driving 
was defined as the period between sunset and sunrise as obtained from the Australian 
Government Bureau of Meteorology website [28]; peak hour driving was from six to 
nine am and/or four to seven pm from Monday to Friday. Roads where there were 
more than 4000 vehicles per day per lane were defined as “heavy traffic roads” [29]. 
This information was obtained from Main Roads WA which is the State Government 
agency responsible for the road network in WA. To determine whether participants 
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drove on highways/freeways, the researcher examined an interactive map provided by 
Geotab© which detailed each trip made by the participant.  
 
Classification criteria for driver self-regulation practices 
Four driving situations were obtained from the self-reported DHQ which could be 
directly compared to the information obtained from the in-vehicle monitoring device. 
These four situations were used to classify participants as either self-regulating or non-
self-regulating their driving in each situation. These situations included “driving on 
highways/freeways”, “on heavy traffic roads”, “in peak hour traffic”, and “night time 
driving”. Initially, each of the four driving situations were examined separately to 
determine if participants’ self-regulated their driving in that situation. For example, 
participants were considered to have self-regulated their driving if they responded that 
they had not driven at night time based on information from the DHQ and the data 
from the in-vehicle monitoring device confirmed the same behaviour. Then all four 
driving situations were examined together and participants were classified as a “self-
regulator” if they self-regulated their driving behaviour in at least one of the four 
driving situations. Otherwise, they were considered to be a “non self-regulator”. 
 
Statistical analysis 
Descriptive statistics were used to describe the characteristics of the cohort. Repeated 
measures of analysis of variance (ANOVA) were used to assess the changes in the 
objective measures of vision. Cochran’s Q Tests were used to analyse the changes in 
driver self-regulation status in the four driving situations. 
 
The outcome of interest was driver self-regulation status (self-regulator/ non self-
regulator). Two separate Generalised Estimating Equation (GEE) logistic models were 
undertaken. The GEE method is suitable for longitudinal or repeated measures study 
designs where observations within each participant are not independent [30]. GEEs 
permit specification of a certain working correlation matrix that accounts for this 
within-subject correlation, thus providing more robust regression coefficients. The 
first GEE logistic model analysed whether there was a significant change in self-
regulation status after first and second eye cataract surgery, while controlling for 
potential confounding factors. The visual measures were not included in this model 
because vision changed as a result of the surgery. 
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The second model was undertaken to examine which changes in the three visual 
measures were associated with changes in driver self-regulation status.  Potential 
confounding factors such as cognitive status (MMSE score), age group (55-64/ 65-74/ 
75+ years), gender (female/male), marital status (single/ married or de facto), 
retirement status (not retired/ retired), and the number of comorbidities were entered 
in both models. All statistical analyses were performed using STATA 15®.  
 
RESULTS 
Fifty-five participants completed all three assessments resulting in 165 observations. 
Table 1 presents the baseline demographic characteristics of the cohort before first eye 
cataract surgery. Participants’ mean age was 73.3 years (SD =7.8) with 43.6% aged 75 
years or older. The majority of participants were female (54.5%), married or in a de 
facto relationship (61.8%), had completed a higher education degree (58.2%), lived 
with another person (54.5%) and were retired (76.4%). The mean score of 27.6 
(SD=2.2) on the MMSE indicated normal cognitive function. Participants also 
reported an average of 5.3 medical conditions (SD=2.5) and an average of 50.9 years 
(SD=9.5) driving experience at baseline. 
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Table 1. Baseline demographic characteristics of older drivers with bilateral 
cataract (n=55) 
 
Variable 
 
n (%) 
 
Age: mean (SD) 73.3 (7.8) 
Age group (years)  
55-64 10 (18.2%) 
65-74 21 (38.2%) 
75+ 24 (43.6%) 
Country of birth   
Australia 21 (38.2%) 
Not Australia 34 (61.8%) 
Gender  
Female 30 (54.5%) 
Male 25 (45.5%) 
Marital status   
Single/separated/divorced/widowed 21 (38.2%) 
De facto/married 34 (61.8%) 
Retirement status   
Not retired 13 (23.6%) 
Retired  42 (76.4%) 
Living arrangements   
Alone 25 (45.5%) 
Not alone 30 (54.5%) 
Level of education:   
Primary or Secondary School 23 (41.8%) 
Higher Education 32 (58.2%) 
Driving experience (years): mean (SD) 50.9 (9.5) 
Number of comorbidities: mean (SD) 5.3 (2.5) 
MMSE score: mean (SD)  27.6 (2.2) 
MMSE: Mini-Mental State Examination; SD= standard deviation 
Participants’ visual characteristics are presented in Table 2. 
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Table 2. Mean visual characteristics of older drivers before, after first and second 
eye cataract surgery (n=55) 
 
 
Variable 
 
Before 
surgery 
 
Mean (SD) 
 
After first eye 
surgery 
Mean (SD) 
 
 
After 
second eye 
surgery  
Mean (SD) 
 
P value 
Visual acuity (logMAR) 
a   
  
Better eye 0.18 (0.15) 0.10 (0.22) -0.00 (0.19) <0.001 
Worse eye 0.39 (0.24) 0.36 (0.26) 0.11 (0.19) <0.001 
Binocular 0.15 (0.15) 0.08 (0.21) -0.02 (0.19) <0.001 
Log contrast sensitivity 
(log units) b   
  
Better eye 1.57 (0.14) 1.62 (0.28) 1.68 (0.11) <0.001 
Worse eye 1.41 (0.29) 1.47 (0.27) 1.61 (0.13) <0.001 
Binocular 1.64 (0.14) 1.67 (0.25) 1.75 (0.08) <0.001 
Stereopsis (log seconds 
of arc) a   
  
Binocular 2.14 (0.64) 2.31 (0.72) 1.96 (0.60) 0.002 
a Lower scores represent better vision b Higher scores represent better vision  log= 
logarithm; logMAR= logarithm of the Minimal Angle of Resolution; SD= standard 
deviation 
 
Mean binocular visual acuity significantly improved from 0.15 logMAR (SD=0.15) at 
baseline, to 0.08 logMAR (SD=0.21) after first eye surgery and -0.02 logMAR 
(SD=0.19) after second eye surgery (p<0.001). 
 
Binocular contrast sensitivity significantly improved (p<0.001) from 1.64 log units 
(SD=0.14) before first eye cataract surgery, to 1.67 log units (SD=0.25) after first eye 
cataract surgery and 1.75 log units (SD=0.08) after second eye cataract surgery.  
A significant change (p=0.002) in stereopsis was found with stereopsis measuring 2.14 
log seconds of arc (SD=0.64) at baseline; worsening to 2.31 log seconds of arc 
(SD=0.72) after first eye cataract surgery and improving to 1.96 log seconds of arc 
(SD=0.60) after second eye surgery.  
 
Situations in which drivers self-regulated  
Before first eye surgery, 47.3% of participants were classified as self-regulators in at 
least one driving situation. This reduced to 29.1% after first eye surgery and 18.2% 
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after second eye surgery. In terms of the specific driving situations avoided, before 
first eye surgery, 12.5% of participants did not drive on heavy traffic roads, while only 
8.3% and 2.1% did not drive in this situation after first and second eye cataract surgery 
respectively, representing a significant change (p=0.020). Before first eye surgery, 
37.0% of participants did not drive at night which decreased to 21.7% after first and 
10.9% after second eye cataract surgery, which was significant (p=0.002). There was 
no significant change in driver self-regulation status for driving during peak hour 
traffic (p=0.100) and freeway/ highway driving (p=0.900).  
 
Multivariate analysis 
The results of the logistic Generalised Estimating Equation (GEE) model examining 
changes in self-regulation status after first and second eye cataract surgery are 
presented in Table 3. The odds of being a self-regulator in at least one driving situation 
significantly decreased by 70% after first eye cataract surgery (OR: 0.3, 95% CI: 0.1 - 
0.7) and by 90% after second eye surgery (OR: 0.1, 95% CI: 0.1 - 0.4), compared to 
before first eye cataract surgery, after adjusting for potential confounders. The odds of 
males self-regulating significantly decreased by 60% compared to females (OR: 0.4, 
95% CI: 0.1 – 1.3). In addition, retired participants had 5.6 times the odds of self-
regulating, compared to those who were employed (OR: 5.6, 95% CI: 1.1 - 27.7). 
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Table 3. GEE Logistic Model of the impact of first and second eye cataract 
surgery on self-regulation status  
  
Variable Odds Ratio 
 
95% CI 
 
 
P value 
Cataract surgery     
Before first eye surgery 1.0   
After first eye surgery 0.3 0.1-0.7 0.004  
After second eye surgery 0.1 0.1-0.4   <0.001 
Gender    
Female 1.0   
Male 0.4 0.1-1.3 0.122 
Age group (years)    
55-64 1.0   
65-74 0.1 0.1-1.2 0.072 
75+ 0.7   0.6-8.0 0.737 
Marital status    
Single 1.0   
Married/de facto 0.3 0.1-1.2 0.096 
Retirement status    
Not retired 1.0   
Retired 5.6 1.1-27.7   0.036 
Number of comorbidities 1.1 0.9-1.4 0.257 
MMSE score 1.0 0.9-1.2 0.803 
CI= confidence interval; GEE= Generalised Estimating Equation; log= logarithm; 
logMAR= logarithm of the Minimal Angle of Resolution; MMSE=Mini-Mental State 
Examination; SD= standard deviation 
 
The results of the logistic Generalised Estimating Equation (GEE) model examining 
changes in the three objective measures of vision and driver self-regulation status are 
presented in Table 4. Improvement in contrast sensitivity after cataract surgery was 
significantly associated with decreased odds of self-regulating (OR: 0.02, 95% CI: 
0.01 - 0.4). Again, males had significantly lower odds of being self-regulators (OR: 
0.2: 95% CI: 0.04 - 1.0) and retired participants had significantly higher odds of being 
self-regulators (OR: 10.1, 95% CI: 1.8 - 54.8).  
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Table 4.  GEE Logistic Model of change in visual measures and self-regulation 
status among older drivers with bilateral cataract  
Variable Odds Ratio 95% CI 
 
P value 
Gender    
Female 1.0   
Male 0.2 0.04-1.0 0.045 
Age group (years)    
55-64 1.0   
65-74 0.1 0.1-1.4 0.091 
75+ 0.6 0.1-6.7 0.125 
Marital status    
Single 1.0   
Married/de facto 0.6 0.2-2.6 0.523 
Retirement status    
Not retired 1.0   
Retired 10.1 1.8-54.8 0.008 
Number of comorbidities 1.2 0.9-1.5 0.174 
MMSE score 1.0 0.8-1.3 0.882 
Binocular visual acuity 
(logMAR) 2.5 0.2-26.9 
 
0.455 
Binocular contrast sensitivity 
(log units) 0.02 0.01-0.4 
 
0.019 
Stereopsis (log seconds of arc) 1.3 0.5-3.5 0.648 
CI= confidence interval; GEE= Generalised Estimating Equation; log= logarithm; 
logMAR= logarithm of the Minimal Angle of Resolution; MMSE=Mini-Mental State 
Examination; SD= standard deviation 
 
DISCUSSION 
This is one of the first studies to use naturalistic driving information to assess the 
impact of first and second eye cataract surgery on driver self-regulation practices 
among a cohort of older drivers with bilateral cataract. We found a significant 
reduction in driver self-regulation in at least one situation after both first and second 
eye cataract surgery, compared to the month before first eye cataract surgery. The 
study also found that changes in contrast sensitivity were associated with the reduction 
in driver self-regulation after cataract surgery. 
 
The results of our study are consistent with some of the limited existing research on 
the impact of cataract surgery on driver self-regulation. A population based study from 
Sweden found that 40% of all drivers increased their driving frequency after first eye 
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or bilateral cataract surgery [31]. In addition, this study and a more recent prospective 
study from Sweden reported that between 25% and 37% of all patients who ceased 
driving before first eye cataract surgery started to drive after first eye or bilateral 
surgery [31,32]. However, an earlier study from the USA, which followed cataract 
patients over a period of 4 to 6 years, found that driving exposure (mileage) decreased 
over time in a similar fashion for those who had cataract surgery and those who did 
not [33]. It is therefore possible that decreased self-regulation observed in our study 
was perhaps a “rebound” effect with increased driving and less self-regulation 
occurring in the period immediately following surgery. Our study was unable to 
address the longer term impact of cataract surgery on driver self-regulation and this 
warrants further research.  
 
Since previous studies combined participants who underwent only first, or both eye 
surgeries in the analyses, they were unable to measure the specific effects of first and 
second eye cataract surgery separately. Our study demonstrated that while first eye 
surgery had a large impact on reducing the need for driver self-regulation among 
bilateral cataract patients, second eye surgery also had a significant impact, reducing 
the odds of driver self-regulation by a further 20% compared to baseline. This suggests 
the importance of timely second eye cataract surgery for bilateral cataract patients. 
 
Previous research also supports our findings on the association between contrast 
sensitivity and driving outcomes. Contrast sensitivity has been associated with changes 
in driving difficulty after first eye [24] and after second eye cataract surgery [34]. 
Among the general population, contrast sensitivity has also been associated with driver 
self-regulation and cessation [15,16,18,19] as well as crash risk [35]. It should be noted 
that our cohort had better baseline vision, including contrast sensitivity than in 
previous studies examining the impact of cataract or cataract surgery on driving 
difficulty and self-regulation [10,11,36,37]. Despite this, 47.3% of participants still 
felt the need to self-regulate their driving due to their vision while waiting for first eye 
surgery, representing a significant limitation for their mobility. In addition, the 
relatively small improvement in binocular contrast sensitivity from baseline to after 
second eye surgery was still associated with a significant reduction in driver self-
regulation. Although driver self-regulation is necessary and positive for road safety, it 
nevertheless limits an older person’s mobility and independence in the community. It 
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is well known that driving cessation can have a negative impact on their lifestyle [3], 
but evidence suggests that self-regulation without cessation may also increase 
depressive symptoms among the general older population [38] and cataract patients 
specifically [11]. Therefore, our findings suggest that first and second eye cataract 
surgery can have a significant positive impact on restoring the mobility of drivers with 
bilateral cataract, even if their visual impairment is relatively mild. 
 
The study also found that both first and second eye cataract surgery significantly 
reduced driver self-regulation in two specific situations; driving at night and on heavy 
traffic roads. A previous study also found that night time driving was the most common 
situation avoided by older drivers awaiting first eye cataract surgery [11]. Previous 
research also reported that 36% of older drivers with cataract had difficulty driving on 
heavy traffic roads [10]. However, neither of these studies examined how self-
regulation status changed throughout the cataract surgery process and relied on the 
DHQ questionnaire alone to assess driving difficulty, which might be subject to recall 
and social desirability bias.  
 
Lastly, this study found that male cataract patients were less likely to self-regulate their 
driving than females and is consistent with previous research [39,40]. Retired drivers 
were also more likely to self-regulate their driving possibly due to the fact they have 
more flexibility to choose when and where they drive than those who are employed 
[41]. 
 
The major strength of this study was the use of naturalistic objective driving data to 
examine self-regulation practices and associated changes in objective visual measures 
throughout the cataract surgery process. Naturalistic data provide valid information 
and are more accurate than self-reported questionnaires, which are prone to social 
desirability and recall biases [20]. However, there were several limitations. 
Participants’ naturalistic driving behaviour was only measured for a period of one 
week meaning this may not be representative of their overall driving patterns, although 
this time frame is consistent with some previous research [21,42]. As well, the study 
was only able to measure four difficult driving situations and further research should 
include an extended range of driving situations which have been shown to be 
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challenging among cataract patients such as driving in the rain and parallel parking 
[11]. 
 
CONCLUSION 
It is well known that driving provides older adults with mobility, independence and 
enhances quality of life [3]. The current study found that even among a cohort of 
cataract patients with better vision at baseline, a significant proportion self-regulated 
or restricted their driving while awaiting surgery. First eye cataract surgery 
significantly reduced driver self-regulation, with second eye surgery providing further 
reductions. This study provides a strong rationale for providing timely first and second 
eye cataract surgery for older drivers with bilateral cataract in order to improve their 
mobility and independence.   
 
ABBREVIATIONS 
ANOVA= analysis of variance 
CI= confidence interval 
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Chapter 9 Discussion 
9.1 Overview  
The overall aim of this study was to gain a better understanding of the impact of first 
eye and second eye cataract surgery on naturalistic measured driver self-regulation 
practices, and how changes in this outcome were associated with changes in objective 
visual measures before and after first and second eye cataract surgery. Significant 
improvements were found in vision and reduction in self-regulation practices after 
both first and second eye cataract surgery. In addition, changes in self-regulation 
practices after first and second eye cataract surgery were associated with changes in 
contrast sensitivity but not visual acuity or stereopsis. 
The study also examined the associations between naturalistic measures of driving 
exposure, habits and adverse events and objective visual measures before first eye 
cataract surgery, with contract sensitivity being the only objective measure of vision 
significantly associated with the number of kilometres travelled.  
Finally, the study also examined the agreement between self-reported travel diaries 
and in-vehicle monitoring devices and found significant differences between both 
measures in terms of number of trips, days driven, and trips duration, while no 
significant differences were found in terms of kilometres travelled. 
9.2 Comparison Between Self-Reported Travel Diaries and 
Naturalistic Data Obtained from In-Vehicle Monitoring 
Devices  
The results of this study found there were significant differences between self-reported 
and naturalistic driving data. Data collected by the travel diaries significantly 
underestimated the number of overall trips and weekend trips, number of days driven, 
and trips made during peak hours. This is consistent with previous research, which 
found that data collected by travel diaries underestimated the number of trips made in 
comparison to in-vehicle monitoring devices (Blanchard et al., 2010), with 7.4% of 
trips found to be under-reported by participants (Stopher, FitzGerald, & Xu, 2007).  
 152 
 
The results also demonstrated that the duration of overall trips and weekend driving 
were significantly overestimated in comparison to the data obtained by the in-vehicle 
monitoring devices. This is similar to previous research which found that participants 
overestimated the travel duration of their trips (Stopher et al., 2007). Even though our 
participants were requested to fill in their travel diary after each trip, it is possible that 
some participants might have completed it at a later date. They might also have 
included the duration of their whole trip, even though they might not have been 
driving. Participants may also have lacked the necessary judgement that would enable 
them to provide accurate estimations. Lack of accuracy may also be the result of 
fatigue after a long trip, memory impairment or recall bias (Marshall et al., 2007).  
However, no significant differences were found between the two instruments in terms 
of the numbers of kilometres travelled. This is consistent with previous research 
conducted among older drivers from the general population, which found a very strong 
correlation between travel diaries and in-vehicle monitoring devices without GPS 
logger in terms of total distance travelled (Marshall et al., 2007). Similarly, other 
studies that relied on self-reported questionnaires found strong correlations (Babulal 
et al., 2016) or no overall significant differences between both measures (Porter et al., 
2015; Thompson et al., 2016). As our participants were required to report the odometer 
reading of their vehicles in their travel diaries immediately, and not to give an 
estimated of the total number of kilometres travelled, such results could have been 
expected. However, previous studies that relied on self-reported questionnaires, and 
therefore self-estimations, found that participants systematically underestimated the 
total numbers of kilometres travelled (Molnar, et al., 2013a), while other studies found 
that participants over-reported or under-reported the total number of kilometres 
travelled on average (Blanchard et al., 2010; Huebner et al., 2006). Further research 
should compare the differences in measurements obtained from both travel diaries and 
self-reported questionnaires, and relate them to the data obtained by the in-vehicle 
monitoring devices.  
Additionally, approximately half of our participants (49%) had missing information in 
their time entries. More than half of the missing entries were for kilometres travelled 
(64%), and 68% for both time and kilometres travelled. Previous research found that 
participants become fatigued when completing their travel diaries (Marshall et al., 
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2007), as participants consider self-reported measures to be less practical and 
convenient to use than naturalistic data (Blanchard et al., 2010; Marshall et al., 2007). 
This could have accounted for high rates of non-completion (Wolf et al., 2001).  
The findings suggest that relying only on self-reported travel diaries to measure driving 
outcomes may not be accurate, because they may be affected by recall, social 
desirability bias and missing data. Naturalistic driving data is a more reliable source 
of information than self-reported measures on their own, and may be less subject to 
missing data caused by non-completion or fatigue. The results of this study are 
consistent with previous research that found naturalistic driving data can surpass the 
quality of self-reported measures (Wolf et al., 2001), and that self-reported measures 
of driving outcomes may be unreliable or inaccurate (Blanchard et al., 2010; Crizzle 
et al., 2013; Grengs et al., 2008; Huebner et al., 2006; Molnar et al., 2013a; Porter et 
al., 2015). Using both self-reported and naturalistic driving data may enable 
researchers to better understand the context of driving, such as the purpose of the trips 
(Grengs et al., 2008); as such, the use of in-vehicle monitoring devices should be 
encouraged, which is consistent with previous research (Blanchard et al., 2010; Myers 
et al., 2011).  
9.3 Driving Habits and Adverse Events in Older Drivers Before 
First Eye Cataract Surgery Using Self-Reported and 
Naturalistic Driving Data  
The study found that 51% of participants self-reported that cataract did not affect their 
driving. In addition, 81% preferred to drive themselves rather than being driven by 
someone else, even though 11% of participants reported that they had been advised to 
limit or stop their driving in the past year. In addition, a large proportion of our 
participants (45%) drove during night time and peak hour traffic (78%), even though 
these situations have been previously found to be challenging for cataract patients 
(Owsley et al., 1999). These results suggest that some participants may not be aware 
that cataract is affecting their driving, because almost half of the sample considered 
themselves as “good drivers” and almost one quarter of participants rated themselves 
as “excellent drivers”. Clinicians could therefore play an important prevention role in 
ensuring that patients are provided with sufficient information about visual and driving 
difficulties they may encounter while driving with cataract.  
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With regard to adverse events, 11% of participants experienced at least one episode of 
harsh braking during the seven days of data collection, before first eye cataract surgery, 
as measured by the in-vehicle monitoring devices. Among this group, 91% of 
participants recorded one harsh braking episode, while 9% experienced two episodes 
of harsh braking. Previous research found that drivers who brake suddenly have higher 
odds of being involved in a crash or near miss (Chevalier et al., 2017), such as rear end 
crashes (Harb, Radwan, Yan, & Abdel-Aty, 2007). As previous studies found that 
older drivers with cataract are 2.5 times more likely to be involved in an at-fault crash 
risk than older drivers without cataract (Owsley et al., 1999, 2001), further research is 
required to explore harsh braking events among older drivers with cataract over 
extended periods of time.  
9.4 The Impact of First and Second Eye Cataratc Surgery on 
Objective Visual Measures and Driver Self-Regulation 
Practices Using Naturalistic Driving Data  
9.4.1 The impact of first and second eye cataract surgery on objective 
visual measures  
The study found that there were significant improvements in better eye, worse eye and 
binocular visual acuity after first and second eye cataract surgery. Mean binocular 
visual acuity significantly improved from 0.15 logMAR (SD = 0.15) at baseline, to 
0.08 logMAR (SD = 0.21) after first eye surgery and -0.02 logMAR (SD = 0.19) after 
second eye surgery (p < 0.001). However, first eye cataract surgery did not bring 
changes in vision that were clinically meaningful in comparison to before surgery, as 
it is commonly accepted that a change of one line in logMAR visual acuity (0.1 
logMAR units) is considered as clinically significant (Elliott & Sheridan, 1988). 
However, after second eye surgery these changes became clinically significant in 
comparison to participants’ visual acuity before surgery. The number of participants 
who did not meet the Australian visual acuity standard for driving dropped from 9% 
at baseline, to 5% after first eye cataract surgery and to 4% after second eye cataract 
surgery. This is consistent with previous research which found that after first eye 
cataract surgery (Fraser et al., 2013b) and first, second or both eyes cataract surgery 
(Mönestam & Wachtmeister, 1997), 4% of participants still did not meet visual acuity 
standard for driving. However, in Mönestam & Wachtmeister (1997), no distinction 
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was made between patients who underwent first, second or both eyes surgeries.   
The study also found that better eye, worse eye and binocular contrast sensitivity 
significantly improved after first and second eye cataract surgery. Binocular contrast 
sensitivity significantly improved (p < 0.001) from 1.64 log units (SD = 0.14) before 
first eye cataract surgery, to 1.67 log units (SD = 0.25) after first eye cataract surgery 
and 1.75 log units (SD = 0.08) after second eye cataract surgery. However, none of 
these changes were considered to be clinically meaningful, as it is commonly accepted 
that a change of one line (0.3 log units) in log units in contrast sensitivity for cataract 
patients is clinically significant (Elliott, Sanderson, & Conkey, 1990). Our results are 
consistent with previous research which found improvements in binocular visual 
acuity and contrast sensitivity after first and second eye cataract surgery (To et al., 
2014a, b).  
In this study, stereopsis worsened after first eye cataract surgery, but improved after 
second eye cataract surgery. More specifically, a significant change (p = 0.002) in 
stereopsis was found with stereopsis measuring 2.14 log seconds of arc (SD = 0.64) at 
baseline; worsening to 2.31 log seconds of arc (SD = 0.72) after first eye cataract 
surgery and improving to 1.96 log seconds of arc (SD = 0.60) after second eye surgery. 
The changes between first eye and second eye cataract surgery were clinically 
meaningful as it is commonly accepted that a change in stereopsis of 0.30 log seconds 
of arc is clinically significant (Rubin et al., 2001). This is consistent with previous 
research conducted in Western Australia which found that 24% of participants had 
declines in stereopsis after first eye surgery and that there were no changes in 
stereopsis before and after first eye cataract surgery for 21% of participants (Fraser, 
2011). Another study also found no significant improvement before first eye and after 
cataract surgery in stereopsis (Elliott et al., 2000). As stereopsis measures depth 
perception, first eye cataract surgery may cause an impairment in stereopsis due to an 
imbalance between both eyes, which could explain why stereopsis worsened after first 
eye cataract surgery (Comas et al., 2007). However, similar to this present study, it has 
been found that stereopsis can be improved by second eye cataract surgery (Comas et 
al., 2007).   
Even though the participants in this present study had better vision at baseline than 
previous studies among cataract patients (Comas et al., 2007; Fraser, et al., 2013a,b,c; 
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Owsley et al., 1999; To, et al., 2014a,b), it was found that second eye cataract surgery 
provides further improvement in all measures of vision, which is consistent with 
previous research (Comas et al., 2007).  
9.4.2 Driver self-regulation practices before first eye cataract surgery  
The study found that 92% of participants drove during the seven days of data collection 
before first eye cataract surgery. Participants drove an average of 4.40 days and an 
overall distance of 115.8 kilometres, with an average of 15.6 trips per week. The results 
are similar to Fraser et al. (2013b), who found that participants self-reported driving 
an average of 104.5 kilometres per week before first eye cataract surgery. Additionally, 
pre-surgical participants classified as self-regulators (that is, participants who self-
regulated in at least one driving situation which included driving on 
highways/freeways, on heavy traffic roads, in peak hour traffic, and during night time) 
drove fewer kilometres and made fewer trips per week than participants classified as 
non self-regulators. For example, self-regulators and non self-regulators’ maximum 
excursion radius from home was 7 and 19 kilometres respectively, while the overall 
maximum excursion radius travelled from home was 14.1 kilometres. This is 
consistent with previous research, which found that cataract patients limited their 
driving to places closer to their home, and reduced their driving exposure by driving 
fewer days per week to fewer destinations with fewer kilometres per trip, in 
comparison to older drivers without cataract (Owsley et al., 1999).  
This study also found that 41% of participants self-regulated their driving in at least 
one challenging situation before first eye cataract surgery, limiting significantly their 
mobility. More specifically, 31% of participants self-regulated their driving at night 
time, 10% in peak hour traffic, 9.4% on heavy traffic roads and 8% on 
highways/freeways. A quarter of the sample self-regulated their driving on one 
challenging situation only, 13% on two situations, 1% on three situations and 2% on 
four driving situations. These results are consistent with a study among older drivers 
with cataract that found 48% of cataract patients self-regulated their driving in at least 
one challenging situation, the most commonly being driving at night (Fraser et al., 
2013c).  
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9.4.3 Association between objective measures of vision and driver 
self-regulation practices before first eye cataract surgery 
The study found that contrast sensitivity was the only objective measure of vision 
significantly associated with self-regulation practices, such as driving exposure and 
avoiding driving in challenging situations, before first eye cataract surgery. Older 
drivers who had poorer binocular contrast sensitivity drove fewer kilometres per week 
prior to first eye cataract surgery than participants with better contrast sensitivity after 
controlling for potential confounding factors. More specifically, one log unit increase 
in binocular contrast sensitivity score was associated with an increase of 163 
kilometres driven per week. These results are consistent with previous research among 
the general population of older drivers, which found significant association between 
reduced driving exposure and contrast sensitivity (Freeman et al., 2006; Sandlin et al., 
2014).  
In the same way, older drivers with worse contrast sensitivity scores were more likely 
to avoid driving in specific challenging situations than older drivers with better 
contrast sensitivity before first eye cataract surgery. The odds of participants with 
better contrast sensitivity scores (better vision) self-regulating their driving in at least 
one challenging situation decreased. These results are consistent with previous 
findings among bilateral cataract patients, which found that there was a significant 
difference in worse eye contrast sensitivity between self-regulators and non self-
regulators (Fraser et al., 2013c). Previous studies among the general population of 
older drivers also found significant association between avoidance of driving in 
challenging situations and contrast sensitivity (Freeman et al., 2006; Molnar et al., 
2014).  
These results suggest that older drivers may acknowledge cataract as the cause of their 
visual impairment and self-regulate their driving by reducing their driving exposure 
and avoiding driving in challenging situations. Even though these results are positive 
for road safety by demonstrating that older drivers with cataract self-regulate their 
driving to places they feel confident and safe to drive, the findings also suggest that a 
proportion of older drivers with bilateral cataract do not self-regulate their driving 
while waiting for cataract surgery. In our study, approximately 10% of participants 
who did not meet the minimum visual acuity standards for driving in Western Australia 
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did not self-regulate their driving. While a large portion of the study participants did 
practise self-regulation, a proportion with poor vision did not self-regulate and this is 
concerning from a safety perspective. Further research should therefore determine why 
some older drivers are not self-regulating their driving. Clinicians could play a crucial 
role in ensuring that their patients limit their driving while waiting for first and second 
eye cataract surgery to improve their safety and the safety of other road users.  
9.4.4 Driver self-regulation practices after first and second eye 
cataract surgery 
This study found a significant reduction in driver self-regulation practices after both 
first and second eye cataract surgery in comparison to the month before first eye 
cataract surgery. The odds of being a self-regulator significantly decreased by 70% 
after first eye cataract surgery and by 90% after second eye cataract surgery. The 
further reduction of 20 percentage points in driver self-regulation suggests that second 
eye cataract surgery needs to be performed in a timely manner to improve older 
drivers’ mobility and independence, and to enhance their quality of life. The results of 
this study are consistent with previous research (Mönestam et al., 2005; Mönestam & 
Wachtmeister, 1997). Cataract surgery has been associated with improved driving 
performance after the extraction of both cataracts (Wood & Carberry, 2006) and 
changes in driver self-regulation practices, such as return to driving after surgery 
(Mönestam et al., 2005; Mönestam & Wachtmeister, 1997); however, as those studies 
combined participants who underwent only first or bilateral cataract surgery in the 
analyses, they were unable to account for the specific effects of first and second eye 
cataract surgery separately.  
In addition, this study also found a reduction in driver self-regulation practices when 
driving at night time and on heavy traffic roads after both first eye and second eye 
cataract surgery. Previous research also found night time driving was the most 
common situation avoided by older drivers before first eye cataract surgery (Fraser et 
al., 2013c), and driving on heavy traffic roads was reported to be a difficulty among 
36% of participants (Owsley et al., 1999). However, both studies relied on the Driving 
Habits Questionnaire to measure driving difficulty, which may be subject to bias, and 
the studies did not examine how self-regulation status changed after first and second 
eye cataract surgery. These findings suggest that self-regulation should be considered 
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as a dynamic continuum to be constantly modulated over time, moving from driving 
independence to driving cessation and from driving cessation to driving independence 
due to modifiable risk factors, such as cataract surgery, for example (Lyman et al., 
2001).  
9.4.5 Association between objective measures of vision and driver 
self-regulation practices after first and second eye cataract 
surgery   
Our study also found that improvements in contrast sensitivity after first and second 
eye cataract surgery were significantly associated with decreased odds of self-
regulation. Participants with better contrast sensitivity drove in more challenging 
driving situations than before surgery. This is consistent with previous research, which 
found that contrast sensitivity was associated with changes in driving difficulty after 
first eye (Fraser et al., 2013b) and second eye cataract surgery (Wood & Carberry, 
2006). In addition, in this present study, neither visual acuity nor stereopsis were 
significantly associated with avoiding driving in challenging situations, which is 
consistent with previous research among older drivers with bilateral cataract (Fraser et 
al., 2013b). This is also consistent with the study of Keay et al. (2009), which found 
that reduced contrast sensitivity—not visual acuity—was significantly associated with 
driving restriction or cessation among older drivers from the general population.  
The results of this present study, together with studies conducted by other researchers, 
suggest that contrast sensitivity may be a very important measure to consider when 
analysing driving outcomes and fitness to drive among older drivers with cataract 
(Fraser et al., 2013b; Owsley et al., 2001; Wood & Carberry, 2006), for the reason that 
many objects on the roads are presented in low contrast (Van Rijn et al., 2011). This 
is important for licensing authorities and road safety policy makers, who mainly rely 
on visual acuity tests to determine fitness to drive, even though a large body of 
evidence has shown the key role played by contrast sensitivity in driving and crash 
risk (e.g. Fraser, et al., 2013b; Freeman et al., 2006; Huisingh et al., 2017; Keay et al., 
2009; Molnar et al., 2014; Sandlin et al., 2014; Van Rijn et al., 2011; Walker et al., 
2006b; Wood, Horswill, Lacherez, & Anstey, 2013a) 
The present results suggest that road safety policy makers and licensing authorities 
could benefit from using contrast sensitivity tests, in addition to the traditionally used 
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visual acuity tests to improve road safety. The contrast sensitivity tests used in the 
present study (Mars Perceptrix©) could be easily administered during a routine vision 
test to determine fitness to drive; it was well received by the participants, is easy and 
relatively quick to administer. Further research is required to determine to what extent 
administering the contrast sensitivity test in addition to the traditional visual acuity test 
could bring additional cost savings to the community by reducing crash risk. Future 
research should also evaluate how the combination of the tests could improve the 
safety of older drivers and other road users and enable licensing authorities and 
clinicians to define cut-off score among the contrast sensitivity test for safe driving.  
9.5 Study Strengths 
This is one of the first prospective cohort studies to have analysed the specific effects 
of first and second eye cataract surgery on driver self-regulation practices, as previous 
studies did not specify whether participants underwent first eye cataract surgery, 
second eye cataract surgery or combined both eyes in their analyses. As a proportion 
of cataract patients can wait more than one year to undergo first then second eye 
cataract surgery in public hospitals (Australian Institute of Health and Welfare, 2016, 
2017), the results provided by this study are of great interest for clinicians, road safety 
and licensing authorities to enhance patients’ safety while driving with impaired 
vision.  
In addition, this is one of the first studies to have used a combination of self-reported 
measures and naturalistic data to assess driving patterns, habits, and self-regulation 
practices among a cohort of older drivers with bilateral cataract. Four self-reported 
driving situations (driving at night time, during peak hour traffic, on 
highways/freeways and on heavy traffic) were specifically matched to the data 
obtained by the in-vehicles monitoring devices, providing an accurate measure of 
driver self-regulation practices. As self-reported measures of driving outcomes may 
be unreliable or inaccurate (Blanchard et al., 2010; Crizzle et al., 2013; Grengs et al., 
2008; Huebner et al., 2006; Molnar et al., 2013a; Porter et al., 2015), it was necessary 
to investigate the naturalistic driving behaviour of older drivers with cataract using 
valid measures without being subject to the flaw of self-reported measures, such as 
recall (Blanchard et al., 2010) and social desirability bias (Af Wåhlberg, 2010).  
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A further strength of this study was the use of in-vehicle monitoring devices, which 
could be installed not only in participants’ own cars, but also in all types of cars. Some 
studies using in-vehicle monitoring devices to obtain naturalistic driving data were 
restricted to cars manufactured in or after 1996 because of the technology in those 
vehicles and not in earlier car models (Blanchard et al., 2010).  
Another strength of the study was that the collected naturalistic driving data were 
linked to the Australian Government’s Bureau of Meteorology website to specifically 
determine day and night time driving, as has been done in previous research using 
naturalistic driving data (Blanchard et al., 2010) to take into account changes in sunset 
and sunrise hours throughout the year.  
The inclusion of two other objective measures of vision (contrast sensitivity and 
stereopsis) in addition to the visual acuity tests traditionally used by licensing 
authorities was an additional strength of this study. Even though previous research 
found that stereopsis might have a negative impact on driving outcomes (Comas et al., 
2007), the majority of studies among cataract patients did not measure its impact  
(Owsley et al., 1999, 2001; Wood et al., 2006). While this study did not find an 
association between stereopsis and self-regulation practices, it provided additional 
information on the importance of using contrast sensitivity tests when determining 
fitness to drive among cataract patients.  
The recruited participants did also not have any other major eye conditions, besides 
cataract, allowing the specific effects of this condition on driving outcomes to be 
determined. Previous research about self-regulation conducted among older drivers 
with cataract included 14% of participants with comorbid eye conditions, including 
glaucoma, macular degeneration, and diabetic retinopathy, which may have affected 
the generalisability of the results (Fraser, et al., 2013c). 
Another strength of the study is that binocular measures of vision were used in our 
analysis to take into account the phenomena of binocular inhibition (in which the 
binocular visual acuity or contrast sensitivity values are worse than the values of the 
better eye) or summation (in which the binocular visual acuity or contrast sensitivity 
values are better than the values of the better eye) (Azen et al., 2002), which might 
have had an impact on the participants’ driving behaviour (Comas et al., 2007). As 
people usually use both eyes while driving, it was important to account for this 
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phenomena by measuring binocular values, because some studies with cataract 
patients only used better eye (McGwin et al., 2000), or separated better eye and worse 
eye values in their analyses (Fraser et al., 2013c; Owsley et al., 2001).  
9.6 Study Limitations 
Even though 111 participants were recruited at baseline, only 55 participants 
underwent first and second eye cataract surgery by the end of the data collection 
period. The small sample size in the study may have affected the generalisability of 
our results. However, a closed-road study analysing the effects of first and second eye 
cataract surgery on driving performance used a smaller sample size of cataract patients 
(n = 28) and aged-matched control participants (n = 18) to account for the changes in 
driving performance (Wood & Carberry, 2006).  
As older drivers who decided to take part in the research study were all volunteers, it 
is possible that participants with poorer vision did not wish to participate, fearing they 
may be reported to licensing authorities and that their licence may be suspended. This 
could explain why these participants did have better vision than participants recruited 
in previous studies among older drivers with bilateral cataract (Comas et al., 2007; 
Fraser et al., 2013a,b,c; Owsley et al., 1999; To et al., 2014a,b), which could have 
affected the findings of the analyses into the driving behaviour of the participants in 
this present study.  
As well, no other objective measures of vision were included in the analysis, such as 
refractive error (Palagyi et al., 2017), visual field (Owsley et al., 1999; Wright, Singh, 
Henriksen, McFadden, & Olson, 2017), and stray light as a measure of disability glare 
(Bal et al., 2011; Van Den Berg, 2017), even though these have been found to be 
affected in cataract patients (e.g., Bal et al., 2011; Owsley et al., 1999; Palagyi et al., 
2017; Van Den Berg, 2017; Wright et al., 2017). The type of lenses inserted during 
cataract surgery was also not recorded, even though it has been found to be associated 
with patients’ changes in driving habits (Beiko, 2015). 
Naturalistic driving patterns were monitored for only a short period of 7 days. Given 
the age of the participants, it is therefore possible that health issues might have affected 
the driving behaviour of the participants during this short period, therefore monitoring 
older participants over longer periods of time would be preferred. In addition, as 
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driving fluctuates from week to week, it was not possible to determine whether 
participants’ driving behaviour was reflecting a typical week. Furthermore, it was not 
possible to specifically determine whether participants’ driving exposure was mainly 
because of their cataract or their lifestyle (Charlton et al., 2006; Molnar et al., 2013b) 
or even individual preferences (Molnar et al., 2013b). Even though participants’ 
driving patters were only assessed for a period of 7 days, previous naturalistic studies 
have used the same number of days to monitor driving behaviour among older 
participants (Blanchard & Myers, 2010; Blanchard et al., 2010; Thompson et al., 
2016). Previous research also found that older drivers with cataract who underwent 
cataract surgery and older drivers who decided not to undergo cataract surgery had 
similar reduction in self-reported annual mileage over the two years of follow-up 
(Owsley et al., 2002). It is therefore possible that decreased self-regulation observed 
in the study was perhaps a “rebound” effect with increased driving and less self-
regulation occurring in the period immediately following surgery. This study was 
unable to address the longer term impact of cataract surgery on driver self-regulation 
and warrants further research.  
Ethical considerations prevented the recruitment of a control group of older drivers 
with bilateral cataract who did not undergo cataract surgery or whose cataract surgery 
was delayed (McGwin et al., 2003). In addition, limited resources prevented the 
recruitment of a group of older drivers with non-impaired vision (Owsley et al., 1999; 
Wood & Carberry, 2004). If a control group had been included, it is possible that an 
increase in self-regulation practices for that group would have been found due to the 
ageing process (Owsley et al., 2002). As this study found a decrease in self-regulation 
among cataract patients, any comparison with a control group would probably have 
further affirmed the study’s findings. However, a previous study among older drivers 
with bilateral cataract used a similar study design without a comparison group to 
analyse the effects of cataract and first eye cataract surgery on driver self-regulation 
practices and driving difficulties (Fraser et al., 2013b,c).  
In addition, study participants were classified as self-regulators after assessing only 
four challenging situations, which were: driving at night time, during peak hour traffic, 
on highways/freeways and on heavy traffic roads. It was therefore not possible to 
determine whether participants drove on their own or in the rain for example, as no 
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video footage was recorded. Consequently, the study might have underestimated the 
percentage of people who self-regulated their driving. In addition, no weighting of the 
specific driving situations to control for under-reported or over-reported situations was 
undertaken when developing the self-regulation composite variable. Further research 
is required to analyse a wider range of challenging driving situations that are known 
to be problematic for older drivers with cataract, such as driving in the rain and parallel 
parking (Fraser et al., 2013c), which could be measured by in-vehicle monitoring 
devices with video footage.  
Even though participants were required to disconnect the devices when they were not 
driving their vehicle, and to note in their travel diaries whether they were the driver of 
the vehicles, no hardware device enabling driver identification, such as a key fob, was 
provided. It may be possible, then, that people other than the participants might have 
driven the cars. It is also possible that some participants may have driven multiple 
vehicles without recording their trips. In an attempt to minimise such possibilities, a 
follow-up interview was conducted with the participants after each assessment to 
confirm that no else was driving their cars and to ensure that all trips made were 
recorded. Key fobs have been previously used in naturalistic studies among older 
drivers to identify the driver of the vehicle (Porter et al., 2015).  
Further, participants’ driving behaviour might have been modified during data 
collection, because they were aware that their driving behaviour was being monitored 
by a device. Such a response, the Hawthorne effect (McCambridge, Witton, & 
Elbourne, 2014) could explain any impact on participants’ self-regulation practices.  
The strict inclusion criteria might also have affected the generalisability of the results. 
Study participants were required to drive at least twice a week, which could have 
excluded participants who drove less frequently and who were already self-regulating 
their driving because of their cataract, or who had poorer vision and were therefore 
unable to drive. However, previous research among older drivers also included 
participants who were required to drive twice a week in their analysis (Payyanadan et 
al., 2017).  
Despite these limitations, the study controlled for a wide range of potential 
confounding factors which could have affected the interpretation of the results, and 
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therefore the study contributes to a better understanding of the effects of cataract, and 
first and second eye cataract surgery on driving patterns, habits and self-regulation 
practices. 
9.7 Recommendations 
Nonetheless, further research is required to gain a better understanding of how older 
drivers are impacted by cataract, by overcoming the limitations highlighted above. The 
findings from the study suggest the following research and clinical recommendations. 
9.7.1 Research recommendations 
• Further research is needed to assess whether cataract patients could benefit from 
educational intervention programs promoting the use of self-regulation strategies 
while waiting for cataract surgery.  
• Further research should determine how licensing authorities could benefit from using 
contrast sensitivity tests in addition to the traditional visual acuity tests to determine 
fitness to drive.  
• Further longitudinal research with a larger sample size is required to replicate the 
results of this study.  
• Participants using an in-vehicle monitoring device should be monitored for longer than 
7 days and the long term effects of first and second eye cataract surgery on driving 
self-regulation practices should be analysed. 
• Measures of refractive management, visual fields, and disability glare should be 
included in future research among cataract patients.  
• Assessing driving using on-road driving assessments tests, driving simulators or in-
vehicle video technology would enable researchers to account for additional measures 
of driving performance, including lane boundary crossings, sign identification, speed, 
traffic, weather and light conditions, interactions with other road users, gap selections, 
and reaction time to adverse events. 
• Further studies should also use eye trackers to assess the driving behaviour of older 
 166 
 
drivers with bilateral cataract throughout the cataract surgery process. It might be 
hypothesised that eye movement patterns made during scanning behaviour while 
driving might change throughout the cataract surgery process, as a result of the 
improvements in vision.  
• The literature would greatly benefit from studies that determine to what extent older 
drivers with bilateral cataract could benefit from driving autonomous vehicles in the 
future.  
• Further research is needed to identify additional factors associated with the self-
regulation practices—or lack of—among drivers with visual impairment. 
Questionnaires about coping strategies, decision-making, engagement and motivation, 
driving confidence and comfort, impulsivity and personality traits could, for example, 
be administered to identify whether these variables mediate the association between 
visual impairment and self-regulation practices.  
9.7.2 Clinical recommendations 
• Clinicians need to advise patients of possible driving limitations and difficulties they 
may encounter when driving, while waiting for first and second cataract surgery.  
• Cataract surgery should be provided in a timely manner as it can lead to improvements 
in mobility and independence, as well as road safety benefits. 
9.8 Conclusion 
The prevalence of cataract in older populations (WHO, 2013), and increasing life 
expectancy (United Nations, 2017), means there will be an increasing number of older 
Australians with cataract on our roads. Conditions that diminish sight have a 
significant impact on the driving ability and safety of older drivers as they seek to 
maintain their quality of life and independence. The onset of cataract is insidious and 
there are no established criteria for eligibility for cataract surgery. Clinicians should 
be encouraged to discuss driving behaviour with their patients to determine how it is 
affected by their visual impairment, in order to prioritise patients for cataract surgery. 
In this study, approximately 10% of older drivers waiting for cataract surgery did not 
meet current visual standards for driving. 
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The results of this comprehensive study have provided a better understanding of the 
association between visual measures, cataract requiring surgery, and real time driving 
behaviour using in-vehicle monitoring devices. It also validated the combined used of 
the self-report driving questionnaire (DHQ) with the in-vehicle monitoring devices, 
which will be more effective for monitoring patient-reported measures, an important 
part of outcomes research. Further research should identify which additional factors 
are associated with self-regulation practices among drivers with visual impairment. 
Analysing the motivation and reasons behind engagement in avoidance behaviours 
could, for example, determine if those avoidance behaviours are due to other reasons 
than visual declines, such as intentions. A further strength of this longitudinal study 
was that it followed a cohort of cataract patients throughout the cataract surgery 
process using the technologies of in-vehicle driver monitoring devices to objectively 
measure natural driving patterns and self-regulation practices, which provided a 
comprehensive examination of driving outcomes before first, after first, and after 
second eye cataract surgery.  
In conclusion, it is anticipated that the results of this study may provide significant 
overall cost savings to the community by providing the evidence to fund cataract 
surgery in a timely manner (both for first and second eye), thus avoiding costs 
associated with crashes and injury. It may also better inform those who provide 
funding for road safety awareness campaigns of the issue of cataract and driving 
performance. Cataract diminished vision is another impairment, albeit more subtle 
than the effect of tiredness and alcohol. Although people will continue to drive as 
dictated by need, an awareness campaign will prompt earlier presentation for 
assessment for cataract surgery and a greater willingness to proceed to cataract 
surgery, rather than wait until visual acuity is markedly reduced. The results of the 
study may also highlight the need for better visual testing by licensing authorities, who 
rely largely on the visual acuity measure when setting standards of visual competence 
for fitness to drive for visually impaired drivers such as cataract patients.  
 
 
  
 168 
 
 
 
 
 
 
      
 
REFERENCES 
 
 
 
 
  
 169 
 
 
References 
Adamsons, I. A., Vitale, S. E., Stark, W. J., & Rubin, G. S. (1996). The Association 
of Postoperative Subjective Visual Function With Acuity, Glare, and Contrast 
Sensitivity in Patients With Early Cataract. Archives of Ophthalmology, 114, 
529–536. 
Af Wåhlberg, A. E. (2010). Social desirability effects in driver behavior inventories. 
Journal of Safety Research, 41(2), 99–106.  
Anstey, K. J., Horswill, M. S., Wood, J. M., & Hatherly, C. (2012). The role of 
cognitive and visual abilities as predictors in the Multifactorial Model of 
Driving Safety. Accident Analysis and Prevention, 45, 766–774.  
Anstey, K. J., Li, X., Hosking, D. E., & Eramudugolla, R. (2017). The epidemiology 
of driving in later life: Sociodemographic, health and functional characteristics, 
predictors of incident cessation, and driving expectations. Accident Analysis and 
Prevention, 107, 110–116.  
Anstey, K. J., Wood, J. M., Lord, S. R., & Walker, J. G. (2005). Cognitive, sensory 
and physical factors enabling driving safety in older adults. Clinical Psychology 
Review, 25(1), 45–65.  
Antin, J. F., Guo, F., Fang, Y., Dingus, T. A., Perez, M. A., & Hankey, J. M. (2017). 
A validation of the low mileage bias using naturalistic driving study 
data. Journal of safety research, 63, 115-120. 
Asbell, P. A., Dualan, I., Mindel, J., Brocks, D., Ahmad, M., & Epstein, S. (2005). 
Age-related cataract. Lancet, 365(9459), 599–609.  
Australian Department of Infrastructure and Regional Development. (2013). Road 
safety of older Australians: recent statistics (Information sheet 50). Retrieved 
February 08, 2018, from 
https://bitre.gov.au/publications/2014/files/is_50_amended_2016_III.pdf 
 
 170 
 
Australian Department of Infrastructure and Regional Development. (2014). Impact 
of road trauma and measures to improve outcomes (Research report 140). 
Retrieved February 08, 2018, from 
https://bitre.gov.au/publications/2014/report_140.aspx 
Australian Department of Infrastructure and Regional Development. (2017). Drivers 
Licences in Australia (Information sheet 84). Retrieved February 08, 2018, from 
https://bitre.gov.au/publications/2017/files/is_084.pdf 
Australian Government. (2017). Bureau of Meteorology. Retrieved February 08, 
2018, from http://www.bom.gov.au/ 
Australian Institute of Health and Welfare. (2015). Australia’s welfare 2015. 
(Australia’s welfare series no. 12. Cat. no. AUS 189). Retrieved February 08, 
2018, from https://www.aihw.gov.au/reports/australias-welfare/australias-
welfare-2015/contents/table-of-contents 
Australian Institute of Health and Welfare. (2016). Elective surgery waiting times 
2015-16: Australian hospital statistics. Australian Institute of Health and 
Welfare (Health services series no. 73). Retrieved February 08, 2018, from 
https://www.aihw.gov.au/getmedia/3a025e54-da4a-47bf-afdd-
e8adad1ae1f9/20408.pdf.aspx?inline=true 
Australian Institute of Health and Welfare. (2017). Elective surgery waiting times 
2016-2017: Australian hospital statistics. Australian Institute of Health and 
Welfare (Health services series no. 82. Cat. no. HSE 197). Retrieved February 
08, 2018, from https://www.aihw.gov.au/reports/hospitals/elective-surgery-
waiting-times-ahs-2016-17/contents/table-of-contents 
Australian Transport Council. (2011). National Road Safety Strategy: 2011-2020. 
Implementation status report. Retrieved February 08, 2018, from 
http://roadsafety.gov.au/performance/files/NRSS_Implementation_report_Nov2
017.pdf 
Austroads. (2016). Older Roads Users: Emerging Trends (Publication no. AP-R530-
16 ). Retrieved February 08, 2018, from 
https://www.onlinepublications.austroads.com.au/items/AP-R530-16 
 
 171 
 
Austroads. (2017). Assessing fitness to drive for commercial and private vehicle 
drivers. Medical standards for licensing and clinical management guidelines a 
resource for health professionals in Australia As amended up to August 2017 
(Publication no. AP-G56-17). Retrieved February 08, 2018, from 
https://www.onlinepublications.austroads.com.au/items/AP-G56-17 
Azen, S. P., Varma, R., Preston-Martin, S., Ying-Lai, M., Globe, D., & Hahn, S. 
(2002). Binocular visual acuity summation and inhibition in an ocular 
epidemiological study: The Los Angeles Latino Eye Study. Investigative 
Ophthalmology and Visual Science, 43(6), 1742–1748. 
Babizhayev, M. A. (2003). Glare disability and driving safety. Ophthalmic Research, 
35(1), 19–25. 
Babulal, G. M., Traub, C., Webb, M. M., Stout, S. H., Addison, A., Morris, J. C., & 
Roe, C. (2016). Comparison of a Novel, Naturalistic Driving Assessment 
System With Self-Reported Driving Behavior in a Sample of Cognitively 
Normal Older Adults. Alzheimer’s & Dementia, 12(7), P1006.  
Bal, T., Coeckelbergh, T., Van Looveren, J., Rozema, J. J., & Tassignon, M. J. 
(2011). Influence of cataract morphology on straylight and contrast sensitivity 
and its relevance to fitness to drive. Ophthalmologica, 225(2), 105–111.  
Baldock, M. R. J., Mathias, J. L., McLean, A. J., & Berndt, A. (2006). Self-
regulation of driving and its relationship to driving ability among older adults. 
Accident Analysis and Prevention, 38(5), 1038–1045.  
Ball, K. K., & Owsley, C. (1993). The useful field of view test: a new technique for 
evaluating age-related declines in visual function. Journal of the American 
Optometric Association, 64(1), 71–79. 
Ball, K., Owsley, C., Stalvey, B. T., Roenker, D. L., Sloane, M. E., & Graves, M. 
(1998). Driving avoidance and functional impairment in older drivers. Accident 
Analysis & Prevention, 30(3), 313–322.  
Barten, P. G. (1999). Contrast sensitivity of the human eye and its effects on image 
quality. SPIE press. 
 
 172 
 
Bauer, A., Dietz, K., Kolling G.H., Hart, W., & Schiefer, U. (2001). The relevance of 
stereopsis for motorists: a pilot study. Graefe’s Archive for Clinical and 
Experimental Ophthalmology, 239(6), 400–406.  
Bauer, A., Kolling G.H., Dietz, K., Zrenner, E., & Schiefer, U. (2000). Are cross-
eyed persons worse drivers? The effect of stereoscopic disparity on driving 
skills. Klinische Monatsblatter Fur Augenheilkunde, 217(3), 183–189. 
Bayaga, A., & Lekena, L. L. (2010). Application of Non-parametric Analysis 
Technique amongst Postgraduate Education Research: A Survey of South 
African Universities. The Journal of International Social Research, 3(11), 137–
146. 
Beiko, G. H. H. (2015). A pilot study to determine if intraocular lens choice at the 
time of cataract surgery has an impact on patient-reported driving habits. 
Clinical Ophthalmology, 9, 1573–1579.  
Bergen, G., West, B. A., Luo, F., Bird, D. C., Freund, K., Fortinsky, R. H., & 
Staplin, L. (2017). How do older adult drivers self-regulate? Characteristics of 
self-regulation classes defined by latent class analysis. Journal of Safety 
Research, 61, 205–210. 
Bevin, T., Derrett, S., & Molteno, A. (2004). Letters To the Editor. Clinical and 
Experimental Ophthalmology, 32(32), 551–556.  
Blanchard, R. A., & Myers, A. M. (2010). Examination of driving comfort and self-
regulatory practices in older adults using in-vehicle devices to assess natural 
driving patterns. Accident Analysis and Prevention, 42(4), 1213–1219.  
Blanchard, R. A., Myers, A. M., & Porter, M. M. (2010). Correspondence between 
self-reported and objective measures of driving exposure and patterns in older 
drivers. Accident Analysis and Prevention, 42(2), 523–529.  
Bourne, R. R., Stevens, G. A., White, R. A., Smith, J. L., Flaxman, S. R., Price, H., 
Jonas, J. B., Keeffe, J., Leasher, J., Naidoo, K., & Pesudovs, K (2013). Causes 
of vision loss worldwide, 1990-2010: A systematic analysis. The Lancet Global 
Health, 1(6), 339–349.  
 
 173 
 
Brabyn, J. A., Schneck, M. E., Lott, L. A., & Haegerström-Portnoy, G. (2005). Night 
Driving Self-Restriction: Vision Function and Gender Differences. Optometry 
and Vision Science, 82(8), 755–764.  
Braitman, K. A., & Williams, A. F. (2011). Changes in Self-Regulatory Driving 
Among Older Drivers Over Time. Traffic Injury Prevention, 12(6), 568–575.  
Branch, M. (2017). Performance Benchmarking with Big Data A Case Study on Fleet 
Benchmarking with Telematics. Retrieved February 08, 2018, from 
https://www.geotab.com/wp-content/themes/geotab-
template/resources/whitepapers/geotab-big-data-white-paper.pdf 
Burns, A., Brayne, C., & Folstein, M. (1998). Key Papers in Geriatric Psychiatry: 
mini‐mental state: a practical method for grading the cognitive state of patients 
for the clinician. M. Folstein, S. Folstein and P. McHugh, Journal of Psychiatric 
Research, 1975, 12, 189‐198. International Journal of Geriatric Psychiatry, 
13(5), 285–294.  
Carmel, S., Rechavi, T. B., & Ben-Moshe, Y. (2014). Antecedents of self-regulation 
in driving among older drivers. Ageing and Society, 34(7), 1097–1117.  
Castells, X., Alonso, J., Ribó, C., Casado, A., Buil, J. A., Badia, M., & Castilla, M. 
(1999). Comparison of the results of first and second cataract eye surgery. 
Ophthalmology, 106(4), 676–82. 
Castells, X., Comas, M., Alonso, J., Espallargues, M., Martínez, V., García-Arumí, 
J., & Castilla, M. (2006). In a randomized controlled trial, cataract surgery in 
both eyes increased benefits compared to surgery in one eye only. Journal of 
Clinical Epidemiology, 59(2), 201–207.  
Chang-Godinich, A., Ou, R. J., & Koch, D. D. (1999). Functional improvement after 
phacoemulsification cataract surgery. Journal of Cataract and Refractive 
Surgery, 25(9), 1226–1231.  
Charlton, J. L., Oxley, J., Fildes, B., Oxley, P., Newstead, S., Koppel, S., & O’Hare, 
M. (2006). Characteristics of older drivers who adopt self-regulatory driving 
behaviours. Transportation Research Part F: Traffic Psychology and 
Behaviour, 9(5), 363–373.  
 174 
 
Chaudhary, V., Popovic, M., Holmes, J., Robinson, T., Mak, M., P, Mohaghegh 
Mohammad, S., Eino, D., Mann, K., Kobetz, L., Gusenbauer, K., & Barbosa, J. 
(2016). Predictors of functional vision changes after cataract surgery: the 
PROVISION study. Canadian Journal of Ophthalmology, 51(4), 265–270.  
Chevalier, A. J., Coxon, K., Clarke, E., Rogers, K., Brown, J., Boufous, S., Ivers, R., 
& Keay, L. (2017). Predictors of older drivers’ involvement in rapid 
deceleration events. Accident Analysis and Prevention, 98, 312–319.  
Chihuri, S., Mielenz, T. J., Dimaggio, C. J., Betz, M. E., Diguiseppi, C., Jones, V. C., 
& Li, G. (2016). Driving cessation and health outcomes in older adults. Journal 
of the American Geriatrics Society, 64(2), 332–341.  
Choi, M., Adams, K. B., & Mezuk, B. (2012). Examining the aging process through 
the stress-coping framework: Application to driving cessation in later life. Aging 
and Mental Health, 16(1), 75–83.  
Chua, J., Lim, B., Fenwick, E. K., Gan, A. T. L., Tan, A. G., Lamoureux, E. L., 
Mitchell, P., Wang, J. J., Wong, T. Y., & Cheng, C. Y. (2017). Prevalence, risk 
factors, and impact of undiagnosed visually significant cataract: The Singapore 
Epidemiology of Eye Diseases Study. PLoS ONE, 12(1), 1–15.  
Cicchino, J. B., & McCartt, A. T. (2014). Trends in older driver crash involvement 
rates and survivability in the United States: An update. Accident Analysis and 
Prevention, 72, 44–54.  
Clark, A., Morlet, N., Ng, J. Q., Preen, D. B., & Semmens, J. B. (2011). Whole 
population trends in complications of cataract surgery over 22 years in Western 
Australia. Ophthalmology, 118(6), 1055–1061.  
Clay, O. J., Wadley, V. G., Edwards, J. D., Roth, D. L., Roenker, D. L., & Ball, K. 
K. (2005). Cumulative meta-analysis of the relationship between useful field of 
view and driving performance in older adults: Current and future implications. 
Optometry and Vision Science, 82(8), 724–731.  
Comas, M., Castells, X., Acosta, E. R., & Tuñí, J. (2007). Impact of differences 
between eyes on binocular measures of vision in patients with cataracts. Eye, 
21(6), 702–707.  
 175 
 
Conlon, E. G., Rahaley, N., & Davis, J. (2017). The influence of age-related health 
difficulties and attitudes toward driving on driving self-regulation in the baby 
boomer and older adult generations. Accident Analysis and Prevention, 102, 12–
22.  
Craig, S. (2015). Nurses ’ role in early detection of cataracts. Nursing Times, 
111(17), 12–14. 
Crizzle, A. M., Myers, A. M., & Almeida, Q. J. (2013). Self-regulatory practices of 
drivers with Parkinson’s disease: Accuracy of patient reports. Parkinsonism and 
Related Disorders, 19(2), 176–180.  
Curl, A. L., Stowe, J. D., Cooney, T. M., & Proulx, C. M. (2014). Giving up the 
keys: How driving cessation affects engagement in later life. Gerontologist, 
54(3), 423–433.  
Currie, G., & Delbosc, A. (2010). Exploring public transport usage trends in an 
ageing population. Transportation, 37(1), 151–164.  
Datta, S., Foss, A. J. E., Grainge, M. J., Gregson, R. M., Zaman, A., Masud, T., 
Osborn, F., & Harwood, R. H. (2008). The importance of acuity, stereopsis, and 
contrast sensitivity for health-related quality of life in elderly women with 
cataracts. Investigative Ophthalmology and Visual Science, 49(1), 1–6.  
Desapriya, E., Wijeratne, H., Subzwari, S., Turcotte, K., Rajabali, F., Kinney, J., & 
Pike, I. (2011). Vision screening of older drivers for preventing road traffic 
injuries and fatalities. Cochrane Database of Systematic Reviews, 3.  
Donorfio, L. K. M., D’Ambrosio, L. A., Coughlin, J. F., & Mohyde, M. (2008). 
Health, safety, self-regulation and the older driver: It’s not just a matter of age. 
Journal of Safety Research, 39(6), 555–561.  
Donorfio, L. K. M., D’Ambrosio, L. A., Coughlin, J. F., & Mohyde, M. (2009). To 
drive or not to drive, that isn’t the question-the meaning of self-regulation 
among older drivers. Journal of Safety Research, 40(3), 221–226.  
Elliott, D. B., Patla, Aftab, E., Furniss, M., & Adkin, A. (2000). Improvements in 
clinical and functional vision and quality of life after second eye cataract 
surgery. Optometry and Vision Science, 77(1), 13–24.  
 176 
 
Elliott, D. B., Patla, A., & Bullimore, M. A. (1997). Improvements in clinical and 
functional vision and perceived visual disability after first and second eye 
cataract surgery. British Journal of Ophthalmology, 81(10), 889–895.  
Elliott, D. B., Sanderson, K., & Conkey, A. (1990). The reliability of the Pelli-
Robson contrast sensitivity chart. Ophthalmic and Physiological Optics, 10, 21–
24. 
Elliott, D. B., & Sheridan, M. (1988). The use of accurate visual acuity 
measurements in clinical anti‐cataract formulation trials. Ophthalmic and 
Physiological Optics, 8(4), 397–401.  
Elliott, D. B., & Situ, P. (1998). Visual acuity versus letter contrast sensitivity in 
early cataract. Vision Research, 38(13), 2047–2052.  
Ferris, F. L., Kassoff, A., Brensick, G. H., & Bailey, I. (1982). New visual acuity 
charts for clinical research. American Journal of Ophthalmology, 94, 91–96.  
Fest, E. (2013). Stray Light Control for Molded Optics. In Molded Optics: Design 
and Manufacture (pp. 71–126). 
Finger, R. P., Kupitz, D. G., Fenwick, E., Balasubramaniam, B., Ramani, R. V., 
Holz, F. G., & Gilbert, C. E. (2012). The Impact of Successful Cataract Surgery 
on Quality of Life, Household Income and Social Status in South India. PLoS 
ONE, 7(8), 1–7.  
Fleck, R., & Kolling G.H. (1996). Two new stereotests for long distance: 
examination of stereopsis with regard to the permission of driving. German 
Journal of Ophthalmology, 5(1), 52–59. 
Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). “Mini-mental state”. A 
practical method for grading the cognitive state of patients for the clinician. 
Journal of Psychiatric Research, 12(3), 189–198.  
Foss, A. J. E., Harwood, R. H., Osborn, F., Gregson, R. M., Zaman, A., & Masud, T. 
(2006). Falls and health status in elderly women following second eye cataract 
surgery: A randomised controlled trial. Age and Ageing, 35(1), 66–71.  
 
 177 
 
Fraser, M. L. (2011). Impact of Cataract Surgery on Driving Difficulty and Quality 
of Life for Older Drivers, Curtin University. 
Fraser, M. L., Meuleners, L. B., Lee, A. H., Ng, J. Q., & Morlet, N. (2013a). Vision, 
quality of life and depressive symptoms after first eye cataract surgery. 
Psychogeriatrics, 13(4), 237–243.  
Fraser, M. L., Meuleners, L. B., Lee, A. H., Ng, J. Q., & Morlet, N. (2013b). Which 
visual measures affect change in driving difficulty after first eye cataract 
surgery? Accident Analysis and Prevention, 58, 10–14.  
Fraser, M. L., Meuleners, L. B., Ng, J. Q., & Morlet, N. (2013c). Driver self-
regulation and depressive symptoms in cataract patients awaiting surgery : a 
cross-sectional study. BMC Ophthalmology, 13(45), 1–7. 
Freeman, E. E., Muñoz, B., Turano, K. A., & West, S. K. (2005). Measures of visual 
function and time to driving cessation in older adults. Optometry and Vision 
Science, 82(8), 765–773.  
Freeman, E. E., Muñoz, B., Turano, K. A., & West, S. K. (2006). Measures of visual 
function and their association with driving modification in older adults. 
Investigative Ophthalmology and Visual Science, 47(2), 514–520.  
Glynn, R. J., Rosner, B., & Christen, W. G. (2009). Evaluation of risk factors for 
cataract types in a competing risks framework. Ophthalmic Epidemiology, 
16(2), 98–106.  
Gothwal, V. K., Wright, T. A., Lamoureux, E. L., Khadka, J., McAlinden, C., & 
Pesudovs, K. (2011). Improvements in visual ability with first-eye, second eye, 
and bilateral cataract surgery measured with the Visual Symptoms and Quality 
of Life Questionnaire. Journal of Cataract and Refractive Surgery, 37(7), 1208–
1216.  
Grengs, J., Wang, X., & Kostyniuk, L. (2008). Using GPS data to understand driving 
behavior. Journal of Urban Technology, 15(2), 33–53.  
Gresset, J. A., & Meyer, F. M. (1994). Risk of accidents among elderly car drivers 
with visual acuity equal to 6/12 or 6/15 and lack of binocular vision. 
Ophthalmic and Physiological Optics, 14(1), 33–37.  
 178 
 
Guo, F., Fang, Y., & Antin, J. F. (2015). Older driver fitness-to-drive evaluation 
using naturalistic driving data. Journal of Safety Research, 54, 49–54.  
Gwyther, H., & Holland, C. (2012). The effect of age, gender and attitudes on self-
regulation in driving. Accident Analysis and Prevention, 45, 19–28.  
Hanson, T. R., & Hildebrand, E. D. (2011). Can rural older drivers meet their needs 
without a car? Stated adaptation responses from a GPS travel diary survey. 
Transportation, 38(6), 975–992.  
Harb, R., Radwan, E., Yan, X., & Abdel-Aty, M. (2007). Light truck vehicles 
(LTVs) contribution to rear end collisions. Accident Analysis and Prevention, 
39(5), 1026–1036.  
Hazel, C. a, & Elliott, D. B. (2002). The Dependency of LogMAR Visual Acuity. 
Optometry & Vision Science, 79(12), 788–792. 
Helbostad, J. L., Oedegaard, M., Lamb, S. E., Delbaere, K., Lord, S. R., & Sletvold, 
O. (2013). Change in vision, visual disability, and health after cataract surgery. 
Optometry and Vision Science, 90(4), 392–399.  
Higgins, K. E., & Wood, J. M. (2005). Predicting components of closed road driving 
performance from vision tests. Optometry and Vision Science, 82(8), 647–656.  
Hjorthol, R. (2013). Transport resources, mobility and unmet transport needs in old 
age. Ageing and Society, 33(7), 1190–1211.  
Horswill, M. S., Anstey, K. J., Hatherly, C., Wood, J. M., & Pachana, N. A. (2011). 
Older drivers’ insight into their hazard perception ability. Accident Analysis and 
Prevention, 43(6), 2121–2127.  
Huebner, K. D., Porter, M. M., & Marshall, S. C. (2006). Validation of an electronic 
device for measuring driving exposure. Traffic Injury Prevention, 7(1), 76–80.  
Huisingh, C., Levitan, E. B., Irvin, M. R., Maclennan, P., Wadley, V. G., & Owsley, 
C. (2017). Visual sensory and visual-cognitive function and rate of crash and 
near-crash involvement among older drivers using naturalistic driving data. 
Investigative Ophthalmology and Visual Science, 58(7), 2959–2967.  
 
 179 
 
Huisingh, C., McGwin, G., Wood, J. M., & Owsley, C. (2014). The driving visual 
field and a history of motor vehicle collision involvement in older drivers: A 
population- based examination. Investigative Ophthalmology and Visual 
Science, 56(1), 132–138.  
Ichikawa, M., Nakahara, S., & Taniguchi, A. (2015). Older drivers’ risks of at-fault 
motor vehicle collisions. Accident Analysis and Prevention, 81, 120–123.  
Iroku-Malize, T., & Kirsch, S. (2016). Eye Conditions in Older Adults: Cataracts. FP 
Essentials, 445(2016), 17–23. 
Jetten, J., & Pachana, N. A. (2012). Not wanting to grow old: A Social Identity 
Model of Identity Change (SIMIC) analysis of driving cessation among older 
adults. In The social cure: Identity, health and well-being (pp. 97–113). New 
York: Psychology Press. 
Johnson, C. A., & Wilkinson, M. E. (2010). Vision and driving: The United States. 
Journal of Neuro-Ophthalmology, 30(2), 170–176.  
Kaiser, P. K. (2009). Prospective evaluation of visual acuity assessment: a 
comparison of snellen versus ETDRS charts in clinical practice (An AOS 
Thesis). Transactions of the American Ophthalmological Society, 107, 311–24.  
Keay, L., Muñoz, B., Turano, K. A., Hassan, S. E., Munro, C. A., Duncan, D. D., 
Baldwin, K., Jasti, S., Gower, E. W., & West, S. K. (2009). Visual and 
cognitive deficits predict stopping or restricting driving: The Salisbury Eye 
Evaluation Driving Study (SEEDS). Investigative Ophthalmology and Visual 
Science, 50(1), 107–113.  
Keay, L., Palagyi, A., Do, V., White, A., Lamoureux, E. L., Ivers, R. Q., Pesudovs, 
K., Stapleton, F., Boufous, S., & McCluskey, P. (2016). Vision and driving 
status of older Australians with cataract: an investigation of public hospital 
waiting lists. Clinical and Experimental Optometry, 99(5), 449–455.  
Keeffe, J. E., Jin, C. F., Weih, L. M., McCarty, C. a, & Taylor, H. R. (2002). Vision 
impairment and older drivers: who’s driving? The British Journal of 
Ophthalmology, 86(10), 1118–21.  
 
 180 
 
Khairallah, M., Kahloun, R., Bourne, R. R. A., Limburg, H., Flaxman, S. R., Jonas, 
J. B., Keeffe, J., Leasher, J., Naidoo, K., Pesudovs, K., Price, H., White, R. A., 
Wong, T. Y., Resnikoff, S., & Taylor, H. R. (2015). Number of people blind or 
visually impaired by cataract worldwide and in world regions, 1990 to 2010. 
Investigative Ophthalmology and Visual Science, 56(11), 6762–6769.  
Klein, R., & Klein, B. E. K. (2013). The prevalence of age-related eye diseases and 
visual impairment in aging: Current estimates. Investigative Ophthalmology and 
Visual Science, 54(14), 15–18.  
Koo, E., Chang, J. R., Agrón, E., Clemons, T. E., Sperduto, R. D., Ferris, F. L., & 
Chew, E. Y. (2013). Ten-year incidence rates of age-related cataract in the Age-
Related Eye Disease Study (AREDS): AREDS report no. 33. Ophthalmic 
Epidemiology, 20(2), 71–81.  
Kwapiszeski, B. R., Gallagher, C. C., & Holmes, J. (1996). Improved stereoacuity: 
An indication for unilateral cataract surgery. Journal of Cataract and Refractive 
Surgery, 22(4), 441–445.  
Laidlaw, A., & Harrad, R. (1993). Can second eye cataract extraction be justified? 
Eye, 7(5), 680–686.  
Laidlaw, D. A. H., Harrad, R., Hopper, C. D., Whitaker, A., Donovan, J. L., Brookes, 
S. T., Marsh, G. W., Peters, T. J., Sparrow, J. M., & Frankel, S. J. (1998). 
Randomised trial of effectiveness of second eye cataract surgery. Lancet, 
352(9132), 925–929.  
Laitinen, A., Laatikainen, L., Härkänen, T., Koskinen, S., Reunanen, A., & Aromaa, 
A. (2010). Prevalence of major eye diseases and causes of visual impairment in 
the adult Finnish population: A nationwide population based survey. Acta 
Ophthalmologica, 88(4), 463–471.  
Langford, J., Charlton, J. L., Koppel, S., Myers, A. M., Tuokko, H. A., Marshall, S. 
C., Man-Son-Hing, M., Darzins, P., Di Stefano, M., & Macdonald, W. (2013). 
Findings from the Candrive/Ozcandrive study: Low mileage older drivers, crash 
risk and reduced fitness to drive. Accident Analysis and Prevention, 61, 304–
310.  
 
 181 
 
Langford, J., Koppel, S., McCarthy, D., & Srinivasan, S. (2008). In defence of the 
“low-mileage bias.” Accident Analysis and Prevention, 40(6), 1996–1999.  
Langford, J., Methorst, R., & Hakamies-Blomqvist, L. (2006). Older drivers do not 
have a high crash risk - A replication of low mileage bias. Accident Analysis 
and Prevention, 38(3), 574–578.  
Lazarus, R. S. (1966). Psychological stress and the coping process. Mac Grow-Hill: 
New York. 
Lazarus, R. S. & Folkman, S. (1984). Stress, appraisal, and coping. Göttingen: 
Hogrefe. 
Lee, B. S., Muñoz, B., West, S. K., & Gower, E. W. (2013). Functional improvement 
after one- and two-eye cataract surgery in the Salisbury eye evaluation. 
Ophthalmology, 120(5), 949–955.  
Liddle, J., Gustafsson, L., Bartlett, H., & Mckenna, K. (2012). Time use, role 
participation and life satisfaction of older people: Impact of driving status. 
Australian Occupational Therapy Journal, 59(5), 384–392.  
Liddle, J., Reaston, T., Pachana, N. A., Mitchell, G., & Gustafsson, L. (2014). Is 
planning for driving cessation critical for the well-being and lifestyle of older 
drivers? International Psychogeriatrics, 26(7), 1111–1120.  
Lindstrom-Forneri, W., Tuokko, H. A., Garrett, D., & Molnar, F. J. (2010). Driving 
as an everyday competence: A model of driving competence and behavior. 
Clinical Gerontologist, 33(4), 283–297.  
Lindstrom-Forneri, W., Tuokko, H. A., & Rhodes, R. E. (2007). “Getting around 
town”: A preliminary investigation of the theory of planned behavior and intent 
to change driving behaviors among older adults. Journal of Applied 
Gerontology, 26(4), 385–398.  
Lotfipour, S., Patel, B. H., Grotsky, T. A., Anderson, C. L., Carr, E. M., Ahmed, S. 
S., Chakravarthy, B., Fox, J. C., & Vaca, F. E. (2010). Comparison of the visual 
function index to the snellen visual acuity test in predicting older adult self-
restricted driving. Traffic Injury Prevention, 11(5), 503–507. 
 
 182 
 
Luiu, C., Tight, M., & Burrow, M. (2017). The unmet travel needs of the older 
population: a review of the literature. Transport Reviews, 37(4), 488–506.  
Lundström, M., Barry, P., Henry, Y., Rosen, P., & Stenevi, U. (2012). Evidence-
based guidelines for cataract surgery: Guidelines based on data in the European 
Registry of Quality Outcomes for Cataract and Refractive Surgery database. 
Journal of Cataract and Refractive Surgery, 38(6), 1086–1093.  
Lundström, M., Behndig, A., Kugelberg, M., Montan, P., Stenevi, U., & Pesudovs, 
K. (2011). The outcome of cataract surgery measured with the Catquest-9SF. 
Acta Ophthalmologica, 89(8), 718–723.  
Lyman, J. M., McGwin, G., & Sims, R. V. (2001). Factors related to driving 
difficulty and habits in older drivers. Accident Analysis and Prevention, 33(3), 
413–421.  
MacDonald, L., Myers, A. M., & Blanchard, R. A. (2008). Correspondence among 
older drivers’ perceptions, abilities, and behaviors. Topics in Geriatric 
Rehabilitation, 24(3), 239–252.  
Main Roads. (2015). Traffic Management at Roadworks on State Roads:Policy and 
Application Guidelines. Retrieved February 08, 2018, from: 
https://www.mainroads.wa.gov.au/Documents/Traffic%20Management%20at%
20Roadworks%20on%20State%20Roads%20Policy%20and%20Application%2
0Guidelines%20-%20WEB%20version%20August%202015.RCN-
D15%5E23486558.PDF 
Mamidipudi, P. R., Vasavada, A. R., Merchant, S. V, Namboodiri, V., & Ravilla, T. 
D. (2003). Quality-of-life and visual function assessment after 
phacoemulsification in an urban indian population. Journal of Cataract & 
Refractive Surgery, 29(6), 1143–1151.  
Marrington, S. A., Horswill, M. S., & Wood, J. M. (2008). The effect of simulated 
cataracts on drivers’ hazard perception ability. Optometry and Vision Science, 
85(12), 1121–1127.  
 
 
 183 
 
Marshall, S. C., Wilson, K. G., Molnar, F. J., Man-Son-Hing, M., Stiell, I., & Porter, 
M. M. (2007). Measurement of driving patterns of older adults using data 
logging devices with and without global positioning system capability. Traffic 
Injury Prevention, 8(3), 260–266.  
McCambridge, J., Witton, J., & Elbourne, D. R. (2014). Systematic review of the 
Hawthorne effect: New concepts are needed to study research participation 
effects. Journal of Clinical Epidemiology, 67(3), 267–277.  
McGwin, G., Chapman, V., & Owsley, C. (2000). Visual risk factors for driving dif 
culty among older drivers. Clinical Research, 32, 735–744.  
McGwin, G., Gewant, H. D., Modjarrad, K., Hall, T. A., & Owsley, C. (2006). Effect 
of cataract surgery on falls and mobility in independently living older adults. 
Journal of the American Geriatrics Society, 54(7), 1089–1094.  
McGwin, G., Scilley, K., Brown, J., & Owsley, C. (2003). Impact of cataract surgery 
on self-reported visual difficulties: Comparison with a no-surgery reference 
group. Journal of Cataract and Refractive Surgery, 29(5), 941–948.  
McKnight, A. J., Shinar, D., & Hilburn, B. (1991). The visual and driving 
performance of monocular and binocular heavy-duty truck drivers. Accident 
Analysis and Prevention, 23(4), 225–237.  
Messinger-Rapport, B. J. (2003). Assessment and counseling of older drivers. A 
guide for primary care physicians. Geriatrics, 58(12), 16–18. 
Meuleners, L. B., Brameld, K., Fraser, M. L., Chow, K. C., & Agramunt, S. 
(submitted). The Impact of First and Second Eye Cataract Surgery on Motor 
Vehicle Crashes and Associated Costs. 
Meuleners, L. B., Hendrie, D., Lee, A. H., Ng, J. Q., & Morlet, N. (2012a). The 
effectiveness of cataract surgery in reducing motor vehicle crashes: A whole 
population study using linked data. Ophthalmic Epidemiology, 19(1), 23–28.  
Meuleners, L. B., Ng, J. Q., Fraser, M. L., Hendrie, D., & Morlet, N. (2012b). Impact 
of gender on first eye cataract surgery and motor vehicle crash risk for older 
drivers. Clinical and Experimental Ophthalmology, 40(6), 591–596.  
 
 184 
 
Michael, R., & Bron, A. J. (2011). The ageing lens and cataract: a model of normal 
and pathological ageing. Philosophical Transactions of the Royal Society B: 
Biological Sciences, 366(1568), 1278–1292.  
Mitchell, C. (2013). The licensing and safety of older drivers in Britain. Accident 
Analysis and Prevention, 50, 732–741.  
Mitchell, K. (2017). Are Older People Safe Drivers on the Roads, Testing and 
Training? In Transport, Travel and Later Life (pp. 37–63). Emerald Publishing 
Limited. 
Molloy, D. W., & Standish, T. I. M. (1997). A guide to the standardized Mini-Mental 
State Examination. International Psychogeriatrics, 9(S1), 87–94.  
Molnar, L. J., Charlton, J. L., Eby, D. W., Bogard, S. E., Langford, J., Koppel, S., 
Kolenic, G., Marshall, S., & Man-Son-Hing, M. (2013a). Self-regulation of 
driving by older adults: Comparison of self-report and objective driving data. 
Transportation Research Part F: Traffic Psychology and Behaviour, 20, 29–38.  
Molnar, L. J., Charlton, J. L., Eby, D. W., Langford, J., Koppel, S., Kolenic, G. E., & 
Marshall, S. C. (2014). Factors Affecting Self-Regulatory Driving Practices 
Among Older Adults. Traffic Injury Prevention, 15(3), 262–272.  
Molnar, L. J., & Eby, D. W. (2008). The Relationship between Self-Regulation and 
Driving-Related Abilities in Older Drivers: An Exploratory Study. Traffic 
Injury Prevention, 9(4), 314–319.  
Molnar, L. J., Eby, D. W., Charlton, J. L., Langford, J., Koppel, S., Marshall, S. C., 
& Man-Son-Hing, M. (2013b). Reprint of “driving avoidance by older adults: Is 
it always self-regulation?” Accident Analysis and Prevention, 61, 272–280.  
Molnar, L. J., Eby, D. W., Vivoda, J. M., Bogard, S. E., Zakraksek, J. S., Louis, R. 
S., Zanier, N., Ryan, L. H., LeBlanc, D., Smith, J., & Yung, R. (2018). The 
effects of demographics, functioning, and perceptions on the relationship 
between self-reported and objective measures of driving exposure and patterns 
among older adults. Transportation research part F: traffic psychology and 
behaviour, 54, 367-377. 
 
 185 
 
Molnar, L. J., Eby, D. W., Roberts, J. S., St Louis, R., & Langford, J. (2009). A new 
approach to assessing self-regulation by older drivers: Development and testing 
of a questionnaire instrument. Ann Arbor, MI: University of Michigan 
Transportation Research Institute. 
Mönestam, E., Lundquist, B., & Wachtmeister, L. (2005). Visual function and car 
driving: longitudinal results 5 years after cataract surgery in a population. The 
British Journal of Ophthalmology, 89(4), 459–463.  
Mönestam, E., & Lundqvist, B. (2006). Long-time results and associations between 
subjective visual difficulties with car driving and objective visual function 5 
years after cataract surgery. Journal of Cataract and Refractive Surgery, 32(1), 
50–55.  
Mönestam, E., & Wachtmeister, L. (1997). Impact of cataract surgery on car driving : 
a population based study in Sweden, 16–22. 
Musselwhite, C., Holland, C., & Walker, I. (2015). The role of transport and mobility 
in the health of older people. Journal of Transport and Health, 2(1), 1–4.  
Myers, A. M., Trang, A., & Crizzle, A. M. (2011). Naturalistic study of winter 
driving practices by older men and women: Examination of weather, road 
conditions, trip purposes, and comfort. Canadian Journal on Aging, 30(4), 577–
589.  
National Center for Statistics and Analysis. (2017). 2015 Older population fact sheet 
(Traffic Safety Facts Report No. DOT HS 812 372). Retrieved February 08, 
2018, from https://crashstats.nhtsa.dot.gov/Api/Public/Publication/812372 
National Health and Medical Research Council. (2015). National Statement on 
Ethical Conduct National Statement on Ethical Conduct in Human Research 
(Vol. 2007). Retrieved February 08, 2018, from 
https://www.nhmrc.gov.au/guidelines-publications/e72 
Naumann, R. B., Dellinger, A. M., & Kresnow, M. J. (2011). Driving self-restriction 
in high-risk conditions: How do older drivers compare to others? Journal of 
Safety Research, 42(1), 67–71.  
 
 186 
 
Nordbakke, S., & Schwanen, T. (2014). Well-being and Mobility: A Theoretical 
Framework and Literature Review Focusing on Older People. Mobilities, 9(1), 
104–129.  
O’Connor, M. L., Edwards, J. D., Small, B. J., & Andel, R. (2011). Patterns of level 
and change in self-reported driving behaviors among older adults: Who self-
regulates? Journals of Gerontology - Series B Psychological Sciences and 
Social Sciences, 67(4), 437–446.  
OECD-Organisation for Economic Co-operation. (2001). Ageing and Transport: 
Mobility Needs and Safety Issues. Retrieved February 08, 2018, from 
http://www.impacts.org/projects/documents/Vulnerable%20travellers/OCDE%2
0AGEING%20AND%20TRANSPORT.pdf 
Okonkwo, O. C., Crowe, M., Wadley, V. G., & Ball, K. (2008). Visual attention and 
self-regulation of driving among older adults. International Psychogeriatrics, 
20(1), 162–173.  
Olsen, J. R., Macdonald, L., & Ellaway, A. (2017). Changes over time in population 
level transport satisfaction and mode of travel: A 13 year repeat cross-sectional 
study, UK. Journal of Transport and Health, 6(March), 366–378.  
Ortiz, C., Castro, J. J., Alarcón, A., Soler, M., & Anera, R. G. (2013). Quantifying 
age-related differences in visual-discrimination capacity: Drivers with and 
without visual impairment. Applied Ergonomics, 44(4), 523–531.  
Owens, D. A., Wood, J. M., & Carberry, T. P. (2010). Effects of reduced contrast on 
the perception and control of speed when driving. Perception, 39(9), 1199–
1215. 
Owsley, C., Ball, K., McGwin, G., Sloane, M. E., Roenker, D. L., White, M. F., & 
Overley, E. T. (1998). Visual processing impairment and risk of motor vehicle 
crash among older adults. Journal of the American Medical Association, 
279(14), 1083–1088.  
Owsley, C., & McGwin, G. (2010). Vision and driving. Vision Research, 50(23), 
2348–2361.  
 
 187 
 
Owsley, C., McGwin, G., Scilley, K., Meek, G. C., Seker, D., & Dyer, A. (2007). 
Impact of cataract surgery on health-related quality of life in nursing home 
residents. British Journal of Ophthalmology, 91(10), 1359–1363.  
Owsley, C., McGwin, G., Sloane, M. E., Wells, J., Stalvey, B. T., & Gauthreaux, S. 
(2002). Impact of cataract surgery on motor vehicle crash involvement by older 
adults. Jama, 288(7), 841–9.  
Owsley, C., Stalvey, B. T., & Phillips, J. M. (2003). The efficacy of an educational 
intervention in promoting self-regulation among high-risk older drivers. 
Accident Analysis and Prevention, 35(3), 393–400.  
Owsley, C., Stalvey, B. T., Wells, J., & Sloane, M. E. (1999). Older Drivers and 
Cataract: Driving Habits and Crash Risk. The Journals of Gerontology Series A: 
Biological Sciences and Medical Sciences, 54(4), M203–M211.  
Owsley, C., Stalvey, B. T., Wells, J., Sloane, M. E., & McGwin, G. (2001). Visual 
risk factors for crash involvement in older drivers with cataract. Arch 
Ophthalmol, 119(6), 881–887.  
Owsley, C., Wood, J. M., & McGwin, G. (2015). A roadmap for interpreting the 
literature on vision and driving. Survey of Ophthalmology, 60(3), 250–262.  
Pachana, N. A., Jetten, J., Gustafsson, L., & Liddle, J. (2017). To be or not to be (an 
older driver): Social identity theory and driving cessation in later life. Ageing 
and Society, 37(8), 1597–1608.  
Palagyi, A., Morlet, N., McCluskey, P., White, A., Meuleners, L. B., Ng, J. Q., 
Lamoureux, E., Pesudovs, K., Stapleton, F., Ivers, R. Q., Rogers, K., & Keay, L. 
(2017). Visual and refractive associations with falls after first-eye cataract 
surgery. Journal of Cataract and Refractive Surgery, 43(10), 1313–1321.  
Palagyi, A., Rogers, K., Meuleners, L. B., McCluskey, P., White, A., Ng, J. Q., 
Morlet, N., & Keay, L. (2016). Depressive symptoms in older adults awaiting 
cataract surgery. Clinical & Experimental Ophthalmology, (April), 789–796.  
Pallant, J. (2007). SPSS survival manual. A step-by-step guide to data analysis 
(Third). McGraw-Hill University Press. 
 
 188 
 
Pascolini, D., & Mariotti, S. P. (2012). Global estimates of visual impairment: 2010. 
British Journal of Ophthalmology, 96(5), 614–618.  
Payyanadan, R. P., Maus, A., Sanchez, F. A., Lee, J. D., Miossi, L., Abera, A., 
Melvin, J., & Wang, X. (2017). Using trip diaries to mitigate route risk and 
risky driving behavior among older drivers. Accident Analysis and Prevention, 
106, 480–491.  
Porter, M. M., Smith, G. A., Cull, A. W., Myers, A. M., Bédard, M., Gélinas, I., 
Mazer, B. L., Marshall, S. C., Naglie, G., Rapoport, M. J., Tuokko, H. A., & 
Vrkljan, B. H. (2015). Older Driver Estimates of Driving Exposure Compared 
to In-Vehicle Data in the Candrive II Study. Traffic Injury Prevention, 16(1), 
24–27.  
Pristavec, T. (2016). Social Participation in Later Years: The Role of Driving 
Mobility. The Journals of Gerontology Series B: Psychological Sciences and 
Social Sciences, 0(0), gbw057.  
Rabbetts, R. B. (2007). Stereopsis and the stereoscope. In Clinical Visual Optics 
(Fourth, pp. 203–219). Elsevier. 
Roberts, T. V, Lawless, M., Chan, C. C. K., Jacobs, M., Ng, D., Bali, S. J., Hodge, 
C., & Sutton, G. (2013). Femtosecond laser cataract surgery: technology and 
clinical practice. Clinical & Experimental Ophthalmology, 41, 180–186.  
Rosenbloom, S. (2001). Driving Cessation Among Older People: When Does It 
Happen and What Impact Does It Have? Transportation Research Record: 
Journal of the Transportation Research Board, 1779, 93–99. 
Rosenbloom, S. (2012). The Travel Needs and Mobility Needs of Older People Now 
and in the Future. In Aging America and Transportation: Personal Choices and 
Public Policy (pp. 39–56). New York: Springer. 
Ross, L. A., Anstey, K. J., Kiely, K. M., Windsor, T. D., Byles, J. E., Luszcz, M. A., 
& Mitchell, P. (2009). Older drivers in australia: Trends in driving status and 
cognitive and visual impairment. Journal of the American Geriatrics Society, 
57(10), 1868–1873.  
 
 189 
 
Rubin, G., Bandeen Roche, K., Muñoz, B., Huang, G., Schein, O., Fried, L., & West, 
S. (2001). The association of multiple visual impairments with subjective 
physical disability: SEE project. Investigative Ophthalmology & Visual Science, 
42(1), 64–72.  
Rubin, G. S. (1994). Visual Impairment and Disability in Older Adults. Optometry 
and Vision Science, 71(12), 750-760. 
Ruechel, S., & Mann, W. C. (2005). Self-Regulation of Driving by Older Persons. 
Physical & Occupational Therapy in Geriatrics, 23(2-3), 91-101. 
Sandlin, D., McGwin, G., & Owsley, C. (2014). Association between vision 
impairment and driving exposure in older adults aged 70 years and over: A 
population based examination. Acta Ophthalmologica, 92(3), 207–212.  
Schieber, F. (2004). Highway Research to Enhance Safety and Mobility of Older 
Road Users. In Transportation in an Aging Society (Vol. 27, pp. 125–154). 
Selin, J. Z., Orsini, N., Ejdervik Lindblad, B., & Wolk, A. (2015). Long-term 
physical activity and risk of age-related cataract: A population based 
prospective study of male and female cohorts. Ophthalmology, 122(2), 274–
280.  
Shandiz, J. H., Derakhshan, A., Daneshyar, A., Azimi, A., Moghaddam, O. H., 
Yekta, A. A., Yazdi, A. A., & Esmaily, H. (2011). Effect of cataract type and 
severity on visual acuity and contrast sensitivity. Journal of Ophthalmic and 
Vision Research, 6(1), 26–31. 
Shekhawat, N. S., Stock, M. V., Baze, E. F., Daly, M. K., Vollman, D. E., Lawrence, 
M. G., & Chomsky, A. S. (2017). Impact of First Eye versus Second Eye 
Cataract Surgery on Visual Function and Quality of Life. Ophthalmology, 
124(10), 1496–1503.  
Siren, A., & Meng, A. (2013). Older drivers’ self-assessed driving skills, driving-
related stress and self-regulation in traffic. Transportation Research Part F: 
Traffic Psychology and Behaviour, 17, 88–97.  
 
 
 190 
 
Song, C.-S., Chun, B.-Y., & Chung, H.-S. (2015). Test–retest reliability of the 
driving habits questionnaire in older self-driving adults. Journal of Physical 
Therapy Science, 27(11), 3597–9.  
Spencer, T., & Mamalis, N. (2010). The Pathology of Cataracts. In Cataract surgery 
(Third, pp. 3–10). Saunders Elsevier. 
Stopher, P., FitzGerald, C., & Xu, M. (2007). Assessing the accuracy of the Sydney 
Household Travel Survey with GPS. Transportation, 34(6), 723–741.  
Stutts, J. C. (1998). Do older drivers with visual and cognitive impairments drive 
less? Journal of the American Geriatrics Society, 46, 854–861.  
Subzwari, S., Desapriya, E., Scime, G., Babul, S., Jivani, K., & Pike, I. (2008). 
Effectiveness of cataract surgery in reducing driving- related difficulties : a 
systematic review and meta-analysis. Injury prevention, 14(5), 324-328. 
Suliman, I. A. M., & Ali, M. S. A. (2017). The effect of amblyopia on contrast 
sensitivity, color vision, and stereoacuity. Al-Basar International Journal of 
Ophthalmology, 4, 54. 
Sullivan, K. A., Smith, S. S., Horswill, M. S., & Lurie-Beck, J. K. (2011). Older 
adults’ safety perceptions of driving situations: Towards a new driving self-
regulation scale. Accident Analysis and Prevention, 43(3), 1003–1009.  
Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariate statistics (Sixth). 
Boston: Pearson Education. 
Talbot, E. M., & Perkins,  A. (1998). The benefit of second eye cataract surgery. Eye, 
12(6), 983–9.  
Thompson, J. P., Baldock, M. R. J., Mathias, J. L., & Wundersitz, L. N. (2016). A 
comparison of reported driving self-regulation by older adults and GPS- based 
measurements of their actual driving exposure, 25(3), 16–27. 
Tijtgat, P., Mazyn, L., De Laey, C., & Lenoir, M. (2008). The contribution of stereo 
vision to the control of braking. Accident Analysis and Prevention, 40(2), 719–
724.  
 
 191 
 
To, K. G., Meuleners, L. B., Fraser, M. L., Do, D., Duong, D., Huynh, V.-A. N., To, 
Q. G., Phi, T. D., Tran, H. H., & Nguyen, N. Do. (2014a). Prevalence and visual 
risk factors for falls in bilateral cataract patients in Ho Chi Minh City, Vietnam. 
Ophthalmic Epidemiology, 21(2), 79–85.  
To, K. G., Meuleners, L. B., Fraser, M. L., Do, D., Duong, D., Huynh, V.-A. N., To, 
Q. G., Phi, T. D., Tran, H. H., & Nguyen, N. Do. (2014b). The impact of 
cataract surgery on vision-related quality of life for bilateral cataract patients in 
Ho Chi Minh City, Vietnam: a prospective study. Health and Quality of Life 
Outcomes, 12(1), 16.  
To, K. G., Meuleners, L. B., Fraser, M. L., Van Duong, D., Van Do, D., Huynh, V.-
A. N., Phi, T. D., Tran, H. H., & Nguyen, N. Do. (2014c). The impact of 
cataract surgery on depressive symptoms for bilateral cataract patients in Ho 
Chi Minh City, Vietnam. International Psychogeriatrics, 26(2), 307–313.  
Tombaugh, T. N., & McIntyre, N. J. (1992). The mini-mental state examination: a 
comprehensive review. Journal of the American Geriatrics Society,  40(9), 922-
935.  
United Nations. (2017). World Population Prospects: The 2017 Revision, Key 
Findings and Advance Tables (Working Paper No. ESA/P/WP/248). Retrieved 
February 08, 2018, from 
https://esa.un.org/unpd/wpp/publications/Files/WPP2017_KeyFindings.pdf 
Unsworth, C. A., Wells, Y., Browning, C., Thomas, S. A., & Kendig, H. (2008). To 
continue, modify or relinquish driving: Findings from a longitudinal study of 
healthy ageing. Gerontology, 53(6), 423–431.  
Van Den Berg, T. J. T. P. (2017). Measurement of straylight for glare assessment and 
driving, 10(1), 1–6.  
Van Rijn, L. J., Nischler, C., Michael, R., Heine, C., Coeckelbergh, T., Wilhelm, H., 
Grabner, G., Barraquer, R. I., & Van Den Berg, T. J. T. P. (2011). Prevalence of 
impairment of visual function in European drivers. Acta Ophthalmologica, 
89(2), 124–131.  
 
 192 
 
Van Rijn, L. J., Wilhelm, H., Emesz, M., Kaper, R., Heine, S., Nitsch, S., Grabner, 
G., & Völker-Dieben, H. J. (2002). Relation between perceived driving 
disability and scores of vision screening tests. British Journal of 
Ophthalmology, 86(11), 1262–1264.  
Vance, D. E., Roenker, D. L., Cissell, G. M., Edwards, J. D., Wadley, V. G., & Ball, 
K. K. (2006). Predictors of driving exposure and avoidance in a field study of 
older drivers from the state of Maryland. Accident Analysis and Prevention, 
38(4), 823–831.  
Walker, J. G., Anstey, K. J., Hennessy, M. P., Lord, S. R., & Von Sanden, C. 
(2006a). The impact of cataract surgery on visual functioning, vision-related 
disability and psychological distress: A randomized controlled trial. Clinical 
and Experimental Ophthalmology, 34(8), 734–742.  
Walker, J. G., Anstey, K. J., & Lord, S. R. (2006b). Psychological distress and visual 
functioning in relation to vision-related disability in older individuals with 
cataracts. British Journal of Health Psychology, 11(2), 303–317.  
WHO. (2013). Universal eye health: a global action plan 2014-2019. Retrieved 
February 08, 2018, from http://www.who.int/blindness/AP2014_19_English.pdf 
Wolf, J., Guensler, R., & William, B. (2001). Elimination of the Travel Diary : An 
Experiment to Derive Trip Purpose From GPS Travel Data. Transportation 
Research Record: Journal of the Transportation Research Board, 1768, 125–
134. 
Wong, I. Y., Smith, S. S., & Sullivan, K. A. (2015). The development, factor 
structure and psychometric properties of driving self-regulation scales for older 
adults: Has self-regulation evolved in the last 15 years? Accident Analysis and 
Prevention, 80, 1–6.  
Wong, I. Y., Smith, S. S., & Sullivan, K. A. (2016a). Psychosocial factors 
significantly predict driving self-regulation in Australian older adults. 
Australasian Journal on Ageing, 35(2), 133–138.  
Wong, I. Y., Smith, S. S., & Sullivan, K. A. (2017). Validating an older adult driving 
behaviour model with structural equation modelling and confirmatory factor 
analysis. Transportation Research Part F: Traffic Psychology and Behaviour.  
 193 
 
Wong, I. Y., Smith, S. S., Sullivan, K. A., & Allan, A. C. (2016b). Toward the 
multilevel older person’s transportation and road safety model: A new 
perspective on the role of demographic, functional, and psychosocial factors. 
Journals of Gerontology - Series B Psychological Sciences and Social Sciences, 
71(1), 71–86.  
Wood, J. M. (1999). How do visual status and age impact on driving performance as 
measured on a closed circuit driving track? Ophthalmic & Physiological Optics, 
19(1), 34–40.  
Wood, J. M. (2002). Aging, driving and vision. Clinical and Experimental 
Optometry, 85(4), 214–220.  
Wood, J. M., & Black, A. A. (2016). Ocular disease and driving. Clinical and 
Experimental Optometry, 99(5), 395–401.  
Wood, J. M., & Carberry, T. P. (2004). Older drivers and cataracts: measures of 
driving performance before and after cataract surgery. Transportation Research 
Record, 7–13. 
Wood, J. M., & Carberry, T. P. (2006). Bilateral cataract surgery and driving 
performance. British Journal of Ophthalmology, 90(10), 1277–1280.  
Wood, J. M., Chaparro, A., Carberry, T. P., & Chu, B. S. (2010). Nighttime Driving 
Performance. Optometry and Vision Science, 87(6), 379–386. 
Wood, J. M., Chaparro, A., Carberry, T. P., & Hickson, L. (2006). How Multitasking 
Interacts with Visual Impairment and Age on Measures of Driving Performance. 
Transportation Research Record, 1980(1), 65–69.  
Wood, J. M., Chaparro, A., & Hickson, L. (2009). Interaction between visual status, 
driver age and distracters on daytime driving performance. Vision Research, 
49(17), 2225–2231.  
Wood, J. M., Horswill, M. S., Lacherez, P. F., & Anstey, K. J. (2013). Evaluation of 
screening tests for predicting older driver performance and safety assessed by an 
on-road test. Accident Analysis and Prevention, 50, 1161–1168.  
 
 194 
 
Wood, J. M., Lacherez, P. F., & Anstey, K. J. (2013). Not all older adults have 
insight into their driving abilities: Evidence from an on-road assessment and 
implications for policy. Journals of Gerontology - Series A Biological Sciences 
and Medical Sciences, 68(5), 559–566.  
Wood, J. M., & Owens, D. A. (2005). Standard measures of visual acutiy do not 
predict drivers’ recognition preformance under day or night coditions. 
Optometry & Vision Science, 82(8), 698–705. 
Wood, J. M., & Troutbeck, R. (1994). Effect of visual impairment on driving. 
Human Factors, 36(3), 476–487.  
Wood, J. M., & Troutbeck, R. (1995). Elderly Drivers and Simulated Visual 
Impairment. Optometry & Vision Science, 72(2), 115–124. 
Wood, J. M., Tyrrell, R. A., Chaparro, A., Marszalek, R. P., Carberry, T. P., & Chu, 
B. S. (2012). Even moderate visual impairments degrade drivers’ ability to see 
pedestrians at night. Investigative Ophthalmology and Visual Science, 53(6), 
2586–2592.  
Woods, R. L., & Wood, J. M. (1995). The role of contrast sensitivity charts and 
contrast letter charts in clinical practice. Clinical and Experimental Optometry, 
78(2), 43–57. 
Wright, A. J., Singh, M. K., Henriksen, B. S., McFadden, M., & Olson, R. J. (2017). 
Two single-piece acrylic intraocular lens choices and their effect on patient-
reported driving habits. Journal of Cataract & Refractive Surgery, 43(2), 239–
245.  
Zeitler, E., & Buys, L. (2015). Mobility and out-of-home activities of older people 
living in suburban environments: "Because I'm a driver, I don’t have a 
problem". Ageing and Society, 35(4), 785–808.  
 
 
 
 
 195 
 
Zhao, L., Chen, X. J., Zhu, J., Xi, Y. B., Yang, X., Hu, L. D., Ouyang, H., Patel, S. 
H., Jin, X., Lin, D., Wu, F., Flagg, K., Cai, H., Li, G., Cao, G., Lin, Y., Chen, 
D., Wen, C., Chung, C., Wang, Y., Qiu, A., Yeh, E., Wang, W., Hu, X., Grob, 
S., Abagyan, R., Su, Z., Tjondro, H. C., Zhao, X.-J., Luo, H., Hou, R., Jefferson, 
J., Perry, P., Gao, W., Kozak, I., Granet, D., Li, Y., Sun, X., Wang, J., Zhang, 
L., Liu, Y., Y Yan, Y.-B., & Zhang, K. (2015). Lanosterol reverses protein 
aggregation in cataracts. Nature, 523(7562), 607–611.  
 
“Every reasonable effort has been made to acknowledge the owners of copyright 
material. I would be pleased to hear from any copyright owner who has been omitted 
or incorrectly acknowledged.” 
 196 
 
APPENDICES 
 
 197 
 
Appendix A Contact information release form  
 198 
 
A.1 Contact information release form 
 
Cataract Extraction and Driving Ability Research Study 
   
Contact information release form 
 
You have spoken to one of our doctors and expressed an interest in participating in a 
Curtin University research project that is looking at how cataract surgery affects a 
person’s driving performance. 
 
This study aims to explore the impact of cataract surgery on driving performance and 
self-regulation practices. The results of this study may provide significant overall cost 
savings to the community by providing the evidence to fund cataract surgery in a 
timely manner (both for first and second eye) to avoid the costs associated with 
crashes and injury.  
 
The study is being conducted by Professor Lynn Meuleners, Curtin-Monash Accident 
Research Centre at Curtin University. The study is funded by the Australian Research 
Council. 
 
By signing this form, you agree to Sir Charles Gairdner Hospital providing Curtin 
University with your address and phone number, so they can contact you in order to 
give you more information about this study. The researchers will not disclose your 
personal information to any other person. 
 
You can also contact the Curtin University researchers directly: 
• Professor Lynn Meuleners on (08) 9266 4636  
• Seraina Agramunt (PhD student) on (08) 9266 9591 
 
Signature:……………………………………..Date: ………………….…………………… 
First Name:  
Last Name:  
Address:  
 
 
Home Phone:  
Mobile:  
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B.1 Pamphlet: Fremantle Hospital 
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B.2 Pamphlet: Royal Perth Hospital 
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B.3 Pamphlet: Sir Charles Gairdner Hospital 
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C.1 Invitation letter: Fremantle Hospital 
  
 
        
  
 
 
 
 
 
 
 
 
 
Dear Mr/Mrs, 
 
Re. The CEDAR Study: Cataract Extraction and Driving Ability Research 
 
We are writing to you from the Ophthalmology Department of Fremantle Hospital to 
tell you about a research study being conducted by colleagues at Curtin University, 
that you might be interested in participating in.  
 
The researchers are interested in the health and needs of older people with cataracts 
and the study will investigate how cataract and cataract surgery affect driving.  
 
We are contacting you on behalf of the Curtin University researchers because you are 
due to visit our eye clinic, were born before 1960, have cataract in both eyes and have 
not previously had cataract surgery. 
  
We have enclosed a detailed information sheet about the study. Please note that 
participation in this research project is entirely voluntary. You do not have to 
participate. If you decide not to participate this will in no way affect the care you 
receive at Fremantle Hospital.  
 
If you are interested in participating in the study, or would like more information, 
please contact the Curtin University researchers directly: 
• Professor Lynn Meuleners on (08) 9266 4636 or  
• Seraina Agramunt (PhD student) on (08) 9266 9591 
 
A Fremantle Hospital staff member will give you a follow-up call early next week to 
confirm you have received this letter and answer any questions you might have. 
 
Yours sincerely, 
 
        
 
Dr Dimitri Yellachich                                                          
Fremantle Hospital   
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C.2 Invitation letter: Royal Perth Hospital 
 
 
 
 
 
 
 
 
 
 
Dear Mr/Mrs, 
 
Re. The CEDAR Study: Cataract Extraction and Driving Ability Research 
 
We are writing to you from the Ophthalmology Department of Royal Perth Hospital to 
tell you about a research study being conducted by colleagues at Curtin University, 
that you might be interested in participating in.  
 
The researchers are interested in the health and needs of older people with cataracts 
and the study will investigate how cataract and cataract surgery affect driving.  
 
We are contacting you on behalf of the Curtin University researchers because you are 
due to visit our eye clinic, were born before 1960, have cataract in both eyes and have 
not previously had cataract surgery. 
  
We have enclosed a detailed information sheet about the study. Please note that 
participation in this research project is entirely voluntary. You do not have to 
participate. If you decide not to participate this will in no way affect the care you 
receive at Royal Perth Hospital.  
 
If you are interested in participating in the study, or would like more information, 
please contact the Curtin University researchers directly: 
• Professor Lynn Meuleners on (08) 9266 4636 or  
• Seraina Agramunt (PhD student) on (08) 9266 9591 
 
A Royal Perth Hospital staff member will give you a follow-up call early next week to 
confirm you have received this letter and answer any questions you might have. 
 
Yours sincerely, 
 
        
 
A/Prof Nigel Morlet                                                          
Royal Perth Hospital  
 
 209 
 
Appendix D Researcher administered 
questionnaires
 210 
 
D.1 Researcher administered questionnaires 
Date:  Interviewer: ID: 
1. DEMOGRAPHIC DETAILS Baseline     FU1     FU2  
(please select) 
1.1 Gender 
 [0]Female 
 [1]Male 
1.9 Does anybody else live in the home with 
you? 
 
 
 [1]Live alone 
 [2]Spouse only 
 [3]Spouse & children 
 [4]Child/children 
 [5]Relatives/friends 
 [6]Other (please specify): 
 
 
Comments: 
1.2 Marital 
Status 
 Single        
 De facto      
 Married     
 Separated 
 Divorced 
 Widowed 
1.3 Highest 
Educational 
Level 
 Did not go to school 
 Year 6 or below 
 Year 7 or below 
 Year 8 or below 
 Year 9 or below 
 Year 10 or below 
 Year 11 or below 
 Year 11 or below 
 TAFE/Apprenticeship 
 University 
1.4 DOB  
1.5 Country of 
birth 
 [1]Australian 
 [2]New Zealand 
 [3]United Kingdom 
 [4]Europe 
 [5]Vietnam 
 [6]China & Hong Kong 
 [7]Middle East 
 [8]Other (please specify): 
 
 [9]Don’t know 
1.6 Language 
spoken at 
home 
 
 [1]English  
 [2]Other (please specify): 
 
1.7 
Employment 
status 
 
 [1]Retired on pension     
[4]Self-employed 
 [2]Retired self-funded     
[5]Unemployed 
 [3]Employed    
[6]Medical disability pension 
1.8 Residence 
type 
 
 [1]Home  
[4]Independent living unit 
 [2]Granny flat  
[5]Serviced apartment 
 [3]Unit 
 [6] Other (please specify): 
2. VISION STATUS  
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2.1 Habitual 
correction  
Refractive correction worn 
the majority  
of the time including when 
walking 
 [1]No correction   
[3]Bifocals or multifocals 
 [2]Single vision spectacles  
[4]Contact lenses 
2.1.2  Frame material 
 [1]Metal      
 [2]Plastic 
2.1.1  Date last 
updated _____ / ____________    (MM/YYYY) 
2.1.3  Frame colour  
2.2 Habitual correction 
worn during:  
  
2.2.1  Walking within the 
home 
 [1]Yes  
 [0]No – If no, indicate 
correction worn below: 
2.2.2  Walking outdoors 
 [1]Yes  
 [0]No – If no, indicate correction 
worn below: 
2.2.3  Walking out of home but 
inside  
 [1]Yes  
 [0]No – If no, indicate correction worn 
below: 
 [1]No correction   
 [2]Single vision spectacles  
 [3]Bifocals or multifocal 
spectacles  
 [4]Contact lenses 
 [1]No correction 
 [2]Single vision spectacles  
 [3]Bifocals or multifocal spectacles  
 [4]Contact lenses 
 [1]No correction 
 [2]Single vision spectacles  
 [3]Bifocals or multifocal spectacles  
 [4]Contact lenses 
2.4 Distance 
vision with 
habitual 
correction 
High contrast Early 
Treatment Diabetic 
Retinopathy Study 
(ETDRS) acuity chart,  
3m testing 
2.5.1 
RE: 
         
(Score 1−70) 
Comments: 
2.5.2 
LE: 
         
(Score 1−70) 
2.5.3 
OU: 
         
(Score 1−70) 
2.5 Contrast 
sensitivity 
 
MARS chart, 50cm testing 
distance,  
near correction 
2.6.1 
RE: log 
CS errors 
2.6 Stereopsis 
Titmus Fly Stereotest 
+ circles 
 (Score 1−10;           
   0 if fly only)  
Cannot see fly 
 
2.6.2 
LE: 
log 
CS errors 
2.7 Ocular 
Dominance 
 [1]Right Eye      [2]Left Eye 
2.6.3 
OU: 
log 
CS errors 
2.8 Pupil size 
(mm) 
2.10.1  
RE: 
2.10.2  
LE: 
3. REFERRAL & WAITING TIMES 
3.1  Who referred 
you for cataract 
surgery? 
 [1]GP 
 [2]Optometrist 
 [3]Ophthalmologist 
 [4]Other (please specify): 
 
3.5  Were you given a choice of public or 
private cataract surgery by your referring 
doctor or optometrist?  
 [0]No  
 [1]Yes – If yes, why did you choose one over the other 
(select all that apply): 
3.2  What is the 
postcode or 
suburb of the 
professional 
mentioned in 
Q4.1? 
  [1]Surgical costs 
 [2]Waiting time for initial appointment 
 [3]Waiting time for surgery 
 [4]Convenient location 
 [5]Other (please specify): 
3.3  How often do 
you have your 
eyes tested? 
(please specify in 
months or years) 
 
Every __________   years 
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3.4  How long did 
you have to wait 
for an 
appointment with 
the 
ophthalmologist? 
(please specify in 
weeks or 
months)? 
 
__________   months 
(6 weeks = 1.5 months, 2 weeks = 0.5 
months) 
4. LICENCE  
4.1 Do you have a current driver’s licence? [1] Yes 
[0] No 
4.2 What type of licence do you hold?  [1] Heavy Rigid 
[2] Medium Rigid 
[3] Light Rigid 
[4] Car 
[5] Heavy combination 
[6] Car and rider 
[0] other  
4.3 Do you have any restrictions on your 
licence? 
[1] Yes 
[0] No 
If [1] yes, list the restrictions: 
4.4 Have you stopped driving in the last 12 
months/since your surgery? 
[1] Yes 
[0] No 
If [1] yes, explain the reason: 
5. DRIVING HABITS QUESTIONNAIRE (DHQ) 
Current Driving:    
5.1  Do you currently 
drive? 
 
 [1]Yes – go to 5.4 
 [2]No – answer 5.2 & 5.3 
ONLY 
 [3]Never driven – go to 
Section 6 
5.7  How would you 
rate the quality of 
your driving? 
 [5]Excellent  
 [4]Good 
 [3]Average  
 [2]Fair 
 [1]Poor 
5.2  Why did you stop 
driving? 
 
5.3  When is the last 
time you drove? 
_____ / __________    
(MM/YYYY) 
                                GO TO 
SECTION 6 
5.8  How fast do you 
generally drive 
compared to the 
general flow of traffic? 
 [5]Much faster  
 [4]Somewhat 
faster 
 [3]About the same  
 [2]Somewhat 
slower 
 [1]Much slower  
5.4  Do you wear 
glasses or contact 
lenses when you 
drive? 
 [1]Yes 
 [0]No 
5.5  Do you wear a 
seatbelt when you 
drive? 
 [1]Always 
 [2]Sometimes 
 [3]Never 
5.9  Has anyone 
suggested over the 
past year/since your 
surgery that you limit 
your driving or stop 
driving? 
 [1]Yes 
 [0]No  
5.6  Which way do you 
prefer to get around? 
 [3]Drive yourself  
 [2]Have someone drive you 
 [1]Use public transport or 
taxi 
 [0]Other (please specify):  
5.10  If you had to go 
somewhere and 
couldn’t drive 
yourself, what would 
you do? 
 [1]Ask friend or 
relative to drive 
 [2]Call a taxi  
 [3]Take a bus or 
train 
 [4]Drive yourself 
regardless 
 
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[5]Cancel/postpone 
plans & stay home 
 [6]Other (please 
specify): 
 
5.11 Do you own your 
own car? 
[1] Yes 
[0] No 
5.12 What is the make 
of your car? 
 
5.13 What is the 
model of your car? 
 
5.14 What is the year 
of your car? 
 
Exposure    
5.15  In an average week, 
how many days per week 
do you usually drive? 
 5.17  Total trips per 
week 
 
5.16  Please tell me all the places you drive in a 
typical week 
         Total km per 
trip 
 
Total places  5.18  Total km 
driven/week 
 
Dependence 
Is there anyone that relies on you to drive 
them around?  
 [1] Yes 
 [2] No 
If [1] yes 
what is their 
relationship?  
 
 
Total 
Number of 
individuals 
Please list your friends and/or family members that you regularly travel with in a car over the 
past year/since your surgery.  
When travelling with this individual, who usually drives? (Indicate in adjacent cell using:  [1]I drive; 
[2]About half and half; [3]This person drives) 
Person 1:  Person 5:  
Person 2:  Person 6:  
Person 3:  Person 7:  
Person 4:  5.19  Total # people  
Difficulty   
During the past 3 
months/since your surgery, 
have you: 
 [0]No 
 Is this because of visual 
problems? 
[1]Yes 
Would you say that you drive in that situation 
with: 
[5]no difficulty at all; [4]a little difficulty;  
[3]moderate difficulty; or [2]extreme difficulty 
5.20 Driven when it is 
raining? 
 [0]No     [1]Yes  
5.21 Driven alone?  [0]No     [1]Yes  
5.22 Parallel parked?  [0]No     [1]Yes  
5.23 Made right hand turns  [0]No     [1]Yes  
 214 
 
across oncoming traffic? 
5.24 Driven on highways or 
freeways? 
 [0]No     [1]Yes  
5.25 Driven on heavy traffic 
roads? 
 [0]No     [1]Yes  
5.26 Driven in peak hour 
traffic? 
 [0]No     [1]Yes  
5.27 Driven at night  [0]No     [1]Yes  
Crash & Citations    
5.28  How many accidents have you been involved in over the 
past year/since your surgery when you were the driver? 
 
5.29  How many accidents have you been involved in over the 
past year/since your surgery when you were the driver and the 
police were called? 
 
5.30  How many times in the past year/since your surgery have 
you been pulled over by the police, regardless of whether you 
received a ticket? 
 
5.31  How many times in the past year/since your surgery have 
you received a traffic ticket (other than parking ticket) where 
you were found to be guilty, regardless of whether or not you 
think you were at fault? 
 
Driving Space    
5.32 During the 
past year/since 
your surgery, 
have you driven 
in the streets 
immediately 
around your 
home?  
 [1]Yes 
 [0]No 
5.35  During 
the past 
year/since 
your surgery, 
have you 
driven to 
more distant 
towns (within 
2 hours)? 
 [1]Yes 
 [0]No 
5.33 During the 
past year/since 
your surgery, 
have you driven 
to places further 
from home, within 
your suburb? 
 [1]Yes 
 [0]No 
5.36 During 
the past 
year/since 
your surgery, 
have you 
driven to 
places 
outside of 
greater [insert 
name of city]  
(2 or more 
hours)? 
 
 [1]Yes 
 [0]No 
5.34  During the 
past year/since 
your surgery, 
have you driven 
to places out of 
your suburb? 
 [1]Yes 
 [0]No 
5.37  Do you think that cataract has affected 
your driving? 
 [0]No  
 [1]Yes – If yes, how has it affected your driving? (select 
all that apply) 
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 [1]Reduced my confidence in driving 
 [2]Reduced the number of hours driven 
 [3]Reduced the distance driven 
 [4]Reduced speed compared to the general public 
 [6]I try to avoid driving in rain 
 [7]I try to avoid driving at night 
 [8]I try to avoid driving in crowded traffic 
 [9]I try to avoid driving in unfamiliar areas 
 [10]I try to avoid driving long distances 
 [11]Other, please specify: 
 
Alternate Transport   
In the last month 
have you:  
   [1] Yes  
How 
many 
trips 
have 
you 
taken? 
  
6.1 Travelled in a 
bus? 
 [1] Yes 
 [2] No 
   
6.2 Travelled on a 
train? 
 [1] Yes 
 [2] No 
   
6.3 Travelled in a 
taxi? 
 [1] Yes 
 [2] No 
   
6.4 Used door to 
door community 
transport for 
medical 
appointments? 
 [1] Yes 
 [2] No 
   
6.5 Used door to 
door community 
transport for 
shopping trips? 
 [1] Yes 
 [2] No 
   
6.6 Used door to 
door community 
transport for social 
outings? 
 [1] Yes 
 [2] No 
   
6.7 Used a mobility 
scooter to get 
around the 
community? 
 [1] Yes 
 [2] No 
   
6.8 Used any other 
form of transport? 
 [1] Yes 
 [2] No 
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E.1 Travel Diary 
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Appendix F In-vehicle monitoring device 
instructions 
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F.1 In-vehicle monitoring devices’ instructions: OBD II port 
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F.2 In-vehicle monitoring devices’ instructions: cigarette 
lighter port
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H.1 Participant information sheet and consent form: 
Fremantle Hospital 
 
 
 
PARTICIPANT INFORMATION SHEET  
 
The CEDAR Study: Cataract Extraction and Driving Ability Research 
 
 
Invitation 
You are invited to participate in a research study into how cataract surgery affects a 
person’s driving performance. 
 
The study is being conducted by Professor Lynn Meuleners, Curtin-Monash Accident 
Research Centre at Curtin University and the George Institute in Sydney. 
 
The study is funded by the Australian Research Council and is part of a national 
collaborative study coordinated by Curtin University in Perth. 
 
Before you decide whether or not you wish to participate in this study, it is important 
for you to understand why the research is being done and what it will involve. Please 
take the time to read the following information carefully and discuss it with others if 
you wish. 
 
If you agree participate in this study, you will be asked to sign the attached Consent 
Form. 
 
1. ‘What is the purpose of this study?’ 
 
The purpose is to investigate the impact of cataract and cataract surgery on driving 
performance and self-regulation practices.  
 
2. ‘Why have I been invited to participate in this study?’ 
 
You are eligible to participate in this study because you are aged 55 years or older, 
have a current driver’s licence, drive at least twice a week, live in the Perth 
metropolitan area, are able to attend three assessment visits, have not had cataract 
surgery before and are now recommended for cataract surgery.  
 
3. ‘What if I don’t want to take part in this study or if I want to withdraw 
later?’ 
 
Participation in this study is voluntary. It is completely up to you whether or not you 
participate. If you decide not to participate, it will not affect the treatment you receive 
now or in the future. Whatever your decision, it will not affect your relationship with 
the staff caring for you. 
 
If you wish to withdraw from the study once it has started, you can do so at any time 
without having to give a reason. Withdrawing from this study will not affect your 
relationship with your doctors or any standard treatment you may be receiving. If you 
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want to withdraw notify one of the research team or complete the ‘Revocation of 
Consent’ which is attached here. 
 
 
4. ‘What does this study involve?’ 
This study will be conducted over 3 years. However, your involvement will last only 
from one month before your first eye surgery to six months after your second eye 
surgery.  
If you agree to participate, you will be asked to attend three face to face visits at Curtin 
University. These will take place 1 month before your first eye surgery, 3 months after 
first eye surgery and 3 months after second eye surgery. At each visit you will be 
asked to undergo the following assessments:  
• Visual tests: These include letter charts, visual fields, refraction, pupil size and 
measurement of your glasses 
• Questionnaire: We will ask you some questions about your glasses, access to 
eye care and referral for surgery, attitudes to cataract surgery, difficulty with vision, 
your driving habits, self-regulation and driving difficulties, and collect information 
about your health, medical history, physical activity and risk of falls. 
• Cognitive tests: We will ask you to complete three cognitive tests that involve 
answering questions and looking at pictures 
• Driving simulator: You will drive a specific route in our state-of-the-art driving 
simulator 
• In-vehicle driving device: We will ask you to plug a device into your car for one 
week to record confidential driving data, then post it back. 
 
The researchers will also access your hospital medical records to obtain clinical 
information about your cataract and cataract surgery. 
 
You may also be invited to participate in a panel formulating recommendations for 
older drivers with cataract at the completion of the study. It is your decision whether 
to choose to participate in this panel.  
 
5. ‘How is this study being paid for?’ 
 
The study is being sponsored by the Australian Research Council.  
 
All of the money being paid by the sponsor to run the study will be deposited into a 
centrally managed account to cover the costs of running the study. No money is paid 
directly to individual researchers or your medical team. 
 
6. ‘Are there risks to me in taking part in this study?’ 
 
There are no risks associated with taking part in the study. All tests are non-invasive 
and safe. However, some people may feel sick while using the driving simulator. If 
this happens to you, we will stop the assessment immediately. Furthermore, if the 
study tests identify any issues such as depression or anxiety, you will be advised to 
seek help from a professional. If you are in need a help line number will provide 
immediate support to you (Lifeline 13 11 14).   
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7. ‘What happens if the study tests indicate my vision is inadequate for 
safe driving?’ 
 
If the visual tests show that you do not meet the minimum correct visual standard for 
driving in at least one eye, you will be advised to consult your GP or 
Ophthalmologist. If you are about to undergo cataract surgery, you will be advised 
not to drive until you have seen your Ophthalmologist after surgery. A follow-up call 
will be made within 7 days to see if you have followed up with a medical 
appointment. In the event that you do not seek medical assistance from a GP or 
Ophthalmologist, you accept responsibility for your decision not to seek treatment.  
 
8. ‘Will I benefit from the study?’ 
 
This study aims to further medical knowledge and may improve future management 
of cataract, however it will not directly benefit you. Nevertheless, a personal 
summary report will be provided to you on completion of the study.  
 
9. ‘Will taking part in this study cost me anything, and will I be paid? 
 
Participation in this study will not cost you anything. You will be paid $10 for the first 
assessment, $15 for the second assessment and $20 for the final assessment for 
your time and effort participating in research.  
 
10. ‘How will my confidentiality be protected?’ 
 
Any identifiable information that is collected about you in connection with this study 
will remain confidential and will be disclosed only with your permission, or except as 
required by law. Data collected by the in-vehicle monitoring devices could be used in 
a court law following a traffic accident. Only the researchers named above will have 
access to your details and results that will be held securely at the Curtin-Monash 
Accident Research Centre, Curtin University. The information will be stored in 
password protected files with access limited to those involved in running the study. 
Any paper documents will be stored in locked filing cabinets. Information will not be 
passed onto your doctors, the Department of Transport or the WA Police. 
 
11. ‘What happens with the results?’ 
 
If you give us your permission by signing the consent document, we plan to discuss 
the results with The George Institute for Global Health and the Curtin University Ethics 
Committee for the purpose of monitoring the conduct of this research and to publish 
the results in peer reviewed journals, presentation at conferences or other 
professional forums. 
 
In any publication, information will be provided in such a way that you cannot be 
identified. Results of the study will be provided to you, if you wish. If you wish to 
receive the study results you should contact Professor Lynn Meuleners, (08) 9266 
4636 or Seraina Agramunt from Curtin University on (08) 9266 9591. 
 
12.  ‘What should I do if I want to discuss this study further before I 
decide?’ 
 
When you have read this information, the researcher will discuss it with you and any 
queries you may have. If you would like to know more at any stage, please do not 
hesitate to contact Lynn Meuleners on (08) 9266 4636 or Seraina Agramunt from 
Curtin University on (08) 9266 9591.  
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13. ‘Who should I contact if I have concerns about the conduct of this 
study?’ 
 
This study has been approved by the Curtin University Human Research Ethics 
Committee (Approval Number HR 29/2014). The Committee is comprised of members 
of the public, academics, lawyers, doctors and pastoral carers. If needed, verification 
of approval can be obtained either by writing to the Curtin University Human Research 
Ethics Committee, c/- Office of Research and Development, Curtin University, GPO 
Box U1987, Perth, 6845 or by telephoning 9266 2784 or by emailing 
hrec@curtin.edu.au. 
 
The study has also been approved by the South Metropolitan Area Health Service 
Human Research Ethics Committee which can be contacted on (08) 9431 2929 or 
SMHS.HREC@health.wa.gov.au. 
 
Thank you for taking the time to consider this study. 
If you wish to take part in it, please sign the attached Consent Form. 
This information sheet is for you to keep. 
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CONSENT FORM 
      IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES 
1.  I,................................................................................................................. 
of................................................................................................................ 
agree to participate in the study described in the participant information statement set 
out above. 
2. I acknowledge that I have read the participant information statement, which 
explains why I have been selected, the aims of the study and the nature and the 
possible risks of the investigation, and the statement has been explained to me to my 
satisfaction. 
3. Before signing this Consent Form, I have been given the opportunity of asking 
any questions relating to any possible physical and mental harm I might suffer as a 
result of my participation and I have received satisfactory answers. 
4. I understand that I can withdraw from the study at any time without prejudice 
to my relationship to Curtin University or my treating hospital. 
5. I agree that research data gathered from the results of the study may be 
published, provided that I cannot be identified. 
6. I understand that if I have any questions relating to my participation in this 
research, I may contact Professor Lynn Meuleners on (08) 9266 4636 or Seraina 
Agramunt on (08) 9266 9591 who will be happy to answer them. 
7. I acknowledge receipt of a copy of this Consent Form and the Participant 
Information Statement. 
 
Complaints may be directed to the Curtin University Human Research Ethics 
Committee on (08) 9266 9223 or at hrec@curtin.edu.au or the South Metropolitan 
Area Health Service Human Research Ethics Committee on (08) 9431 2929 or 
SMHS.HREC@health.wa.gov.au. 
 
Signature of participant   Please PRINT name    Date 
 
_________________________   _______________________   ________ 
 
Signature of witness   Please PRINT name   Date 
 
_________________________  _______________________   ________ 
 
Signature of investigator  Please PRINT name   Date 
 
_________________________  _______________________  ________ 
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H.2 Participant information sheet and consent form: Royal 
Perth Hospital 
 
 
 
 
 
 
PARTICIPANT INFORMATION SHEET  
 
The CEDAR Study: Cataract Extraction and Driving Ability Research 
 
 
 
Invitation 
You are invited to participate in a research study into how cataract surgery affects a 
person’s driving performance. 
 
The study is being conducted by Professor Lynn Meuleners, Curtin-Monash Accident 
Research Centre at Curtin University and the George Institute in Sydney. 
 
The study is funded by the Australian Research Council and is part of a national 
collaborative study coordinated by Curtin University in Perth. 
 
Before you decide whether or not you wish to participate in this study, it is important 
for you to understand why the research is being done and what it will involve. Please 
take the time to read the following information carefully and discuss it with others if 
you wish. 
 
If you agree participate in this study, you will be asked to sign the attached Consent 
Form. 
 
1. ‘What is the purpose of this study?’ 
 
The purpose is to investigate the impact of cataract and cataract surgery on driving 
performance and self-regulation practices.  
 
2. ‘Why have I been invited to participate in this study?’ 
 
You are eligible to participate in this study because you are aged 55 years or older, 
have a current driver’s licence, drive at least twice a week, live in the Perth 
metropolitan area, are able to attend three assessment visits, have not had cataract 
surgery before and are now recommended for cataract surgery.  
 
3. ‘What if I don’t want to take part in this study or if I want to withdraw 
later?’ 
 
Participation in this study is voluntary. It is completely up to you whether or not you 
participate. If you decide not to participate, it will not affect the treatment you receive 
now or in the future. Whatever your decision, it will not affect your relationship with 
the staff caring for you. 
 
If you wish to withdraw from the study once it has started, you can do so at any time 
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without having to give a reason. Withdrawing from this study will not affect your 
relationship with your doctors or any standard treatment you may be receiving. If you  
 
want to withdraw notify one of the research team or complete the ‘Revocation of 
Consent’ which is attached here. 
 
4. ‘What does this study involve?’ 
This study will be conducted over 3 years. However, your involvement will last only 
from one month before your first eye surgery to six months after your second eye 
surgery.  
If you agree to participate, you will be asked to attend three face to face visits at Curtin 
University. These will take place 1 month before your first eye surgery, 3 months after 
first eye surgery and 3 months after second eye surgery. At each visit you will be 
asked to undergo the following assessments:  
• Visual tests: These include letter charts, visual fields, refraction, pupil size and 
measurement of your glasses 
• Questionnaire: We will ask you some questions about your glasses, access to 
eye care and referral for surgery, attitudes to cataract surgery, difficulty with vision, 
your driving habits, self-regulation and driving difficulties, and collect information 
about your health, medical history, physical activity and risk of falls. 
• Cognitive tests: We will ask you to complete three cognitive tests that involve 
answering questions and looking at pictures 
• Driving simulator: You will drive a specific route in our state-of-the-art driving 
simulator 
• In-vehicle driving device: We will ask you to plug a device into your car for one 
week to record confidential driving data, then post it back. 
 
The researchers will also access your hospital medical records to obtain clinical 
information about your cataract and cataract surgery. 
 
You may also be invited to participate in a panel formulating recommendations for 
older drivers with cataract at the completion of the study. It is your decision whether 
to choose to participate in this panel.  
 
5. ‘How is this study being paid for?’ 
 
The study is being sponsored by the Australian Research Council.  
 
All of the money being paid by the sponsor to run the study will be deposited into a 
centrally managed account to cover the costs of running the study. No money is paid 
directly to individual researchers or your medical team. 
 
6. ‘Are there risks to me in taking part in this study?’ 
 
There are no risks associated with taking part in the study. All tests are non-invasive 
and safe. However, some people may feel sick while using the driving simulator. If 
this happens to you, we will stop the assessment immediately. Furthermore, if the 
study tests identify any issues such as depression or anxiety, you will be advised to 
seek help from a professional. If you are in need a help line number will provide 
immediate support to you (Lifeline 13 11 14).  
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7. ‘What happens if the study tests indicate my vision is inadequate for 
safe driving?’ 
 
If the visual tests show that you do not meet the minimum correct visual standard for 
driving in at least one eye, you will be advised to consult your GP or 
Ophthalmologist. If you are about to undergo cataract surgery, you will be advised 
not to drive until you have seen your Ophthalmologist after surgery. A follow-up call 
will be made within 7 days to see if you have followed up with a medical 
appointment. In the event that you do not seek medical assistance from a GP or 
Ophthalmologist, you accept responsibility for your decision not to seek treatment.  
 
8. ‘Will I benefit from the study?’ 
 
This study aims to further medical knowledge and may improve future management 
of cataract, however it will not directly benefit you. Nevertheless, a personal 
summary report will be provided to you on completion of the study.  
 
9. ‘Will taking part in this study cost me anything, and will I be paid? 
 
Participation in this study will not cost you anything. You will be paid $10 for the first 
assessment, $15 for the second assessment and $20 for the final assessment for 
your time and effort participating in research.  
 
10. ‘How will my confidentiality be protected?’ 
 
Any identifiable information that is collected about you in connection with this study 
will remain confidential and will be disclosed only with your permission, or except as 
required by law. Data collected by the in-vehicle monitoring devices could be used in 
a court law following a traffic accident. Only the researchers named above will have 
access to your details and results that will be held securely at the Curtin-Monash 
Accident Research Centre, Curtin University. The information will be stored in 
password protected files with access limited to those involved in running the study. 
Any paper documents will be stored in locked filing cabinets. Information will not be 
passed onto your doctors, the Department of Transport or the WA Police. 
 
11. ‘What happens with the results?’ 
 
If you give us your permission by signing the consent document, we plan to discuss 
the results with The George Institute for Global Health and the Curtin University Ethics 
Committee for the purpose of monitoring the conduct of this research and to publish 
the results in peer reviewed journals, presentation at conferences or other 
professional forums. 
 
In any publication, information will be provided in such a way that you cannot be 
identified. Results of the study will be provided to you, if you wish. If you wish to 
receive the study results you should contact Professor Lynn Meuleners, (08) 9266 
4636 or Seraina Agramunt from Curtin University on (08) 9266 9591. 
 
12.  ‘What should I do if I want to discuss this study further before I 
decide?’ 
 
When you have read this information, the researcher will discuss it with you and any 
queries you may have. If you would like to know more at any stage, please do not 
hesitate to contact Lynn Meuleners on (08) 9266 4636 or Seraina Agramunt from 
 244 
Curtin University on (08) 9266 9591.  
 
13. ‘Who should I contact if I have concerns about the conduct of this 
study?’ 
 
This study has been approved by the Curtin University Human Research Ethics 
Committee (Approval Number HR 29/2014). The Committee is comprised of members 
of the public, academics, lawyers, doctors and pastoral carers. If needed, verification 
of approval can be obtained either by writing to the Curtin University Human Research 
Ethics Committee, c/- Office of Research and Development, Curtin University, GPO 
Box U1987, Perth, 6845 or by telephoning 9266 2784 or by emailing 
hrec@curtin.edu.au. 
 
The study has also been approved by the Royal Perth Hospital Human Research 
Ethics Committee which can be contacted on (08) 6151 1180 or 
SIRO.REG@health.wa.gov.au. 
 
Thank you for taking the time to consider this study. 
If you wish to take part in it, please sign the attached Consent Form. 
This information sheet is for you to keep. 
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CONSENT FORM 
      IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES 
1.  I,................................................................................................................. 
of................................................................................................................ 
agree to participate in the study described in the participant information statement set 
out above. 
2. I acknowledge that I have read the participant information statement, which 
explains why I have been selected, the aims of the study and the nature and the 
possible risks of the investigation, and the statement has been explained to me to my 
satisfaction. 
3. Before signing this Consent Form, I have been given the opportunity of asking 
any questions relating to any possible physical and mental harm I might suffer as a 
result of my participation and I have received satisfactory answers. 
4. I understand that I can withdraw from the study at any time without prejudice 
to my relationship to Curtin University or my treating hospital. 
5. I agree that research data gathered from the results of the study may be 
published, provided that I cannot be identified. 
6. I understand that if I have any questions relating to my participation in this 
research, I may contact Professor Lynn Meuleners on (08) 9266 4636 or Seraina 
Agramunt on (08) 9266 9591 who will be happy to answer them. 
7. I acknowledge receipt of a copy of this Consent Form and the Participant 
Information Statement. 
 
Complaints may be directed to the Curtin University Human Research Ethics 
Committee on (08) 9266 9223 or at hrec@curtin.edu.au or the Royal Perth Hospital 
Human Research Ethics Committee on (08) 6151 1180 or 
SIRO.REG@health.wa.gov.au. 
 
Signature of participant   Please PRINT name    Date 
 
_________________________   _______________________   ________ 
 
Signature of witness   Please PRINT name   Date 
 
_________________________  _______________________   ________ 
 
Signature of investigator  Please PRINT name   Date 
 
_________________________  _______________________  ________ 
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H.3 Participant information sheet and consent form: Sir 
Charles Gairdner Hospital 
 
 
 
 
PARTICIPANT INFORMATION SHEET  
 
The CEDAR Study: Cataract Extraction and Driving Ability Research 
 
 
Invitation 
You are invited to participate in a research study into how cataract surgery affects a 
person’s driving performance. 
 
The study is being conducted by Professor Lynn Meuleners, Curtin-Monash Accident 
Research Centre at Curtin University and the George Institute in Sydney. 
 
The study is funded by the Australian Research Council and is part of a national 
collaborative study coordinated by Curtin University in Perth. 
 
Before you decide whether or not you wish to participate in this study, it is important 
for you to understand why the research is being done and what it will involve. Please 
take the time to read the following information carefully and discuss it with others if 
you wish. 
 
If you agree participate in this study, you will be asked to sign the attached Consent 
Form. 
 
1. ‘What is the purpose of this study?’ 
 
The purpose is to investigate the impact of cataract and cataract surgery on driving 
performance and self-regulation practices.  
 
2. ‘Why have I been invited to participate in this study?’ 
 
You are eligible to participate in this study because you are aged 55 years or older, 
have a current driver’s licence, drive at least twice a week, live in the Perth 
metropolitan area, are able to attend three assessment visits, have not had cataract 
surgery before and are now recommended for cataract surgery.  
 
3. ‘What if I don’t want to take part in this study or if I want to withdraw 
later?’ 
 
Participation in this study is voluntary. It is completely up to you whether or not you 
participate. If you decide not to participate, it will not affect the treatment you receive 
now or in the future. Whatever your decision, it will not affect your relationship with 
the staff caring for you. 
 
If you wish to withdraw from the study once it has started, you can do so at any time 
without having to give a reason. Withdrawing from this study will not affect your 
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relationship with your doctors or any standard treatment you may be receiving. If you 
want to withdraw notify one of the research team or complete the ‘Revocation of 
Consent’ which is attached here. 
 
 
4. ‘What does this study involve?’ 
This study will be conducted over 3 years. However, your involvement will last only 
from one month before your first eye surgery to six months after your second eye 
surgery.  
If you agree to participate, you will be asked to attend three face to face visits at Curtin 
University. These will take place 1 month before your first eye surgery, 3 months after 
first eye surgery and 3 months after second eye surgery. At each visit you will be 
asked to undergo the following assessments:  
• Visual tests: These include letter charts, visual fields, refraction, pupil size and 
measurement of your glasses 
• Questionnaire: We will ask you some questions about your glasses, access to 
eye care and referral for surgery, attitudes to cataract surgery, difficulty with vision, 
your driving habits, self-regulation and driving difficulties, and collect information 
about your health, medical history, physical activity and risk of falls. 
• Cognitive tests: We will ask you to complete three cognitive tests that involve 
answering questions and looking at pictures 
• Driving simulator: You will drive a specific route in our state-of-the-art driving 
simulator 
• In-vehicle driving device: We will ask you to plug a device into your car for one 
week to record confidential driving data, then post it back. 
 
The researchers will also access your hospital medical records to obtain clinical 
information about your cataract and cataract surgery. 
 
You may also be invited to participate in a panel formulating recommendations for 
older drivers with cataract at the completion of the study. It is your decision whether 
to choose to participate in this panel.  
 
5. ‘How is this study being paid for?’ 
 
The study is being sponsored by the Australian Research Council.  
 
All of the money being paid by the sponsor to run the study will be deposited into a 
centrally managed account to cover the costs of running the study. No money is paid 
directly to individual researchers or your medical team. 
 
6. ‘Are there risks to me in taking part in this study?’ 
 
There are no risks associated with taking part in the study. All tests are non-invasive 
and safe. However, some people may feel sick while using the driving simulator. If 
this happens to you, we will stop the assessment immediately. Furthermore, if the 
study tests identify any issues such as depression or anxiety, you will be advised to 
seek help from a professional. If you are in need a help line number will provide 
immediate support to you (Lifeline 13 11 14).  
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7. ‘What happens if the study tests indicate my vision is inadequate for 
safe driving?’ 
 
If the visual tests show that you do not meet the minimum correct visual standard for 
driving in at least one eye, you will be advised to consult your GP or 
Ophthalmologist. If you are about to undergo cataract surgery, you will be advised 
not to drive until you have seen your Ophthalmologist after surgery. A follow-up call 
will be made within 7 days to see if you have followed up with a medical 
appointment. In the event that you do not seek medical assistance from a GP or 
Ophthalmologist, you accept responsibility for your decision not to seek treatment.  
 
8. ‘Will I benefit from the study?’ 
 
This study aims to further medical knowledge and may improve future management 
of cataract, however it will not directly benefit you. Nevertheless, a personal 
summary report will be provided to you on completion of the study.  
 
9. ‘Will taking part in this study cost me anything, and will I be paid? 
 
Participation in this study will not cost you anything. You will be paid $10 for the first 
assessment, $15 for the second assessment and $20 for the final assessment for 
your time and effort participating in research.  
 
10. ‘How will my confidentiality be protected?’ 
 
Any identifiable information that is collected about you in connection with this study 
will remain confidential and will be disclosed only with your permission, or except as 
required by law. Data collected by the in-vehicle monitoring devices could be used in 
a court law following a traffic accident. Only the researchers named above will have 
access to your details and results that will be held securely at the Curtin-Monash 
Accident Research Centre, Curtin University. The information will be stored in 
password protected files with access limited to those involved in running the study. 
Any paper documents will be stored in locked filing cabinets. Information will not be 
passed onto your doctors, the Department of Transport or the WA Police. 
 
11. ‘What happens with the results?’ 
 
If you give us your permission by signing the consent document, we plan to discuss 
the results with The George Institute for Global Health and the Curtin University Ethics 
Committee for the purpose of monitoring the conduct of this research and to publish 
the results in peer reviewed journals, presentation at conferences or other 
professional forums. 
 
In any publication, information will be provided in such a way that you cannot be 
identified. Results of the study will be provided to you, if you wish. If you wish to 
receive the study results you should contact Professor Lynn Meuleners, (08) 9266 
4636 or Seraina Agramunt from Curtin University on (08) 9266 9591. 
 
12.  ‘What should I do if I want to discuss this study further before I 
decide?’ 
 
When you have read this information, the researcher will discuss it with you and any 
queries you may have. If you would like to know more at any stage, please do not 
hesitate to contact Lynn Meuleners on (08) 9266 4636 or Seraina Agramunt from 
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Curtin University on (08) 9266 9591.  
 
13. ‘Who should I contact if I have concerns about the conduct of this 
study?’ 
 
This study has been approved by the Curtin University Human Research Ethics 
Committee (Approval Number HR 29/2014). The Committee is comprised of members 
of the public, academics, lawyers, doctors and pastoral carers. If needed, verification 
of approval can be obtained either by writing to the Curtin University Human Research 
Ethics Committee, c/- Office of Research and Development, Curtin University, GPO 
Box U1987, Perth, 6845 or by telephoning 9266 2784 or by emailing 
hrec@curtin.edu.au. 
 
The study has also been approved by the Sir Charles Gairdner Group Human 
Research Ethics Committee which can be contacted on (08) 6457 2999 or 
hrec.scgh@health.wa.gov.au 
 
Thank you for taking the time to consider this study. 
If you wish to take part in it, please sign the attached Consent Form. 
This information sheet is for you to keep. 
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CONSENT FORM 
      IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES 
1.  I,................................................................................................................. 
of................................................................................................................ 
agree to participate in the study described in the participant information statement set 
out above. 
2. I acknowledge that I have read the participant information statement, which 
explains why I have been selected, the aims of the study and the nature and the 
possible risks of the investigation, and the statement has been explained to me to my 
satisfaction. 
3. Before signing this Consent Form, I have been given the opportunity of asking 
any questions relating to any possible physical and mental harm I might suffer as a 
result of my participation and I have received satisfactory answers. 
4. I understand that I can withdraw from the study at any time without prejudice 
to my relationship to Curtin University or my treating hospital. 
5. I agree that research data gathered from the results of the study may be 
published, provided that I cannot be identified. 
6. I understand that if I have any questions relating to my participation in this 
research, I may contact Professor Lynn Meuleners on (08) 9266 4636 or Seraina 
Agramunt on (08) 9266 9591 who will be happy to answer them. 
7. I acknowledge receipt of a copy of this Consent Form and the Participant 
Information Statement. 
 
Complaints may be directed to the Curtin University Human Research Ethics 
Committee on (08) 9266 9223 or at hrec@curtin.edu.au or Sir Charles Gairdner 
Group Human Research Ethics Committee on (08) 6457 2999 or 
hrec.scgh@health.wa.gov.au 
 
 
Signature of participant   Please PRINT name    Date 
 
_________________________   _______________________   ________ 
 
Signature of witness   Please PRINT name   Date 
 
_________________________  _______________________   ________ 
 
Signature of investigator  Please PRINT name   Date 
 
_________________________  _______________________  ________ 
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Appendix I Revocation of consent 
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I.1 Revocation of consent: Fremantle Hospital  
 
 
 
 
 
 
 
REVOCATION OF CONSENT 
 
IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES 
 
 
I hereby wish to WITHDRAW my consent to participate in the study described above 
and understand that such withdrawal WILL NOT jeopardise any treatment or my 
relationship with Curtin University or my treating hospital. 
 
 
Signature of participant   Please PRINT name         Date 
 
_________________________   _________________       ____________ 
 
 
The section for Revocation of Consent should be forwarded to Seraina Agramunt, 
Curtin-Monash Accident Research Centre, Curtin University, GPO Box U1987, Perth 
WA 6845. 
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I.2 Revocation of consent: Royal Perth Hospital  
 
 
 
 
 
 
 
 
 
 
REVOCATION OF CONSENT 
 
IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES 
 
 
I hereby wish to WITHDRAW my consent to participate in the study described above 
and understand that such withdrawal WILL NOT jeopardise any treatment or my 
relationship with Curtin University or my treating hospital. 
 
 
Signature of participant   Please PRINT name         Date 
 
_________________________   _________________       ____________ 
 
 
The section for Revocation of Consent should be forwarded to Seraina Agramunt, 
Curtin-Monash Accident Research Centre, Curtin University, GPO Box U1987, Perth 
WA 6845. 
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I.3 Revocation of consent: Sir Charles Gairdner Hospital  
 
 
 
 
 
 
 
 
REVOCATION OF CONSENT 
 
IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES 
 
 
I hereby wish to WITHDRAW my consent to participate in the study described above 
and understand that such withdrawal WILL NOT jeopardise any treatment or my 
relationship with Curtin University or my treating hospital. 
 
 
Signature of participant   Please PRINT name         Date 
 
_________________________   _________________       ____________ 
 
 
The section for Revocation of Consent should be forwarded to Seraina Agramunt, 
Curtin-Monash Accident Research Centre, Curtin University, GPO Box U1987, Perth 
WA 6845. 
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Appendix J Letter sent to participants with 
low vision
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J.1 Letter sent to participants with low vision 
Professor Lynn Meuleners 
Curtin-Monash Accident Centre 
Curtin University 
GPO Box U1987 
Perth WA 6845 
Name: 
Address: 
 
Date: 
 
Dear Mr/Mrs  
 
Re. Impact of first and second eye cataract surgery on driving outcomes study 
 
Thank you kindly for participating in our study examining the impact of cataract and 
cataract surgery on driving.  
As part of the study we examined your vision. The results of the test(s) suggest that 
you should not drive until you have sought medical advice from your GP or 
Ophthalmologist.  
We will be calling you within 7 days to see whether you are seeking further medical 
advice about your result. Thereafter, Curtin University will have no continuing 
responsibility for your medical care and you are responsible for your medical 
decisions. In the event that you do not seek medical assistance from a GP or 
Ophthalmologist, you accept responsibility for your decision not to seek treatment. 
If you wish to discuss these results please contact Professor Lynn Meuleners on 9266 
4636. 
Thank you very much for your time and we greatly appreciate your contribution to this 
important study. 
Yours sincerely, 
 
Professor Lynn Meuleners 
Curtin University
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Appendix K Permission statement
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K.1 Permission statement: paper 1  
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K.2 Permission statement: paper 2 
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K.3 Permission statement: paper 3 
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K.4 Permission statement: paper 4
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K.5 Permission statement: paper 5
 263 
Appendix L Statements of contribution 
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L.1 Co-Author: Professor Lynn Meuleners 
To Whom It May Concern 
I, Seraina Agramunt, contributed to data collection, analysis, and interpretation of data, 
drafting, revising and approving the following manuscripts entitled:  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Morlet, N., Chow, K. C., & Ng, 
J. Q. (2016). Bilateral cataract, crash risk, driving performance, and self-
regulation practices among older drivers. Journal of Cataract & Refractive 
Surgery, 42(5), 788-794. 
- Agramunt, S., Meuleners, L., Chow, K. C., Ng, J. Q., & Morlet, N. (2016). A 
validation study comparing self-reported travel diaries and objective data 
obtained from in-vehicle monitoring devices in older drivers with bilateral 
cataract. Accident Analysis & Prevention. 
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., Raja, V., 
& Morlet, N. (submitted). An examination of driving exposure, habits and 
adverse events in older drivers with bilateral cataract using naturalistic driving 
data.  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Chow, K. C., Ng, J. Q., Raja, 
V., & Morlet, N. (2017). Do older drivers with bilateral cataract self-regulate 
their driving while waiting for first eye cataract surgery? Clinical Interventions 
in Aging, 12, 1911.  
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., & Raja, V. 
(accepted for publication on 06/02/2018). First and second eye cataract surgery 
and driver self-regulation among older drivers with bilateral cataract: a 
prospective cohort study. BMC Geriatrics. 
Seraina Agramunt, PhD candidate    
I, Professor Lynn Meuleners, as a Co-Author, endorse that this level of contribution 
by the candidate indicated above is appropriate.  
Professor Lynn Meuleners    ………………………………  
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L.2 Co-Author: Doctor Jonathon Ng 
To Whom It May Concern 
I, Seraina Agramunt, contributed to data collection, analysis, and interpretation of data, 
drafting, revising and approving the following manuscripts entitled:  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Morlet, N., Chow, K. C., & Ng, 
J. Q. (2016). Bilateral cataract, crash risk, driving performance, and self-
regulation practices among older drivers. Journal of Cataract & Refractive 
Surgery, 42(5), 788-794. 
- Agramunt, S., Meuleners, L., Chow, K. C., Ng, J. Q., & Morlet, N. (2016). A 
validation study comparing self-reported travel diaries and objective data 
obtained from in-vehicle monitoring devices in older drivers with bilateral 
cataract. Accident Analysis & Prevention. 
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., Raja, V., 
& Morlet, N. (submitted). An examination of driving exposure, habits and 
adverse events in older drivers with bilateral cataract using naturalistic driving 
data.  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Chow, K. C., Ng, J. Q., Raja, 
V., & Morlet, N. (2017). Do older drivers with bilateral cataract self-regulate 
their driving while waiting for first eye cataract surgery? Clinical Interventions 
in Aging, 12, 1911.  
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., & Raja, V. 
(accepted for publication on 06/02/2018). First and second eye cataract surgery 
and driver self-regulation among older drivers with bilateral cataract: a 
prospective cohort study. BMC Geriatrics. 
Seraina Agramunt, PhD candidate    
I, Doctor Jonathon Ng, as a Co-Author, endorse that this level of contribution by the 
candidate indicated above is appropriate.  
Doctor Jonathon Ng       
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L.3 Co-Author: Doctor Kyle Chow 
To Whom It May Concern 
I, Seraina Agramunt, contributed to data collection, analysis, and interpretation of data, 
drafting, revising and approving the following manuscripts entitled:  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Morlet, N., Chow, K. C., & Ng, 
J. Q. (2016). Bilateral cataract, crash risk, driving performance, and self-
regulation practices among older drivers. Journal of Cataract & Refractive 
Surgery, 42(5), 788-794. 
- Agramunt, S., Meuleners, L., Chow, K. C., Ng, J. Q., & Morlet, N. (2016). A 
validation study comparing self-reported travel diaries and objective data 
obtained from in-vehicle monitoring devices in older drivers with bilateral 
cataract. Accident Analysis & Prevention. 
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., Raja, V., 
& Morlet, N. (submitted). An examination of driving exposure, habits and 
adverse events in older drivers with bilateral cataract using naturalistic driving 
data.  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Chow, K. C., Ng, J. Q., Raja, 
V., & Morlet, N. (2017). Do older drivers with bilateral cataract self-regulate 
their driving while waiting for first eye cataract surgery? Clinical Interventions 
in Aging, 12, 1911.  
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., & Raja, V. 
(accepted for publication on 06/02/2018). First and second eye cataract surgery 
and driver self-regulation among older drivers with bilateral cataract: a 
prospective cohort study. BMC Geriatrics. 
Seraina Agramunt, PhD candidate   
I, Doctor Kyle Chow, as a Co-Author, endorse that this level of contribution by the 
candidate indicated above is appropriate.  
Doctor Kyle Chow       
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L.4 Co-Author: Michelle Fraser 
To Whom It May Concern 
I, Seraina Agramunt, contributed to data collection, analysis, and interpretation of data, 
drafting, revising and approving the following manuscripts entitled:  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Morlet, N., Chow, K. C., & Ng, 
J. Q. (2016). Bilateral cataract, crash risk, driving performance, and self-
regulation practices among older drivers. Journal of Cataract & Refractive 
Surgery, 42(5), 788-794. 
- Agramunt, S., Meuleners, L., Chow, K. C., Ng, J. Q., & Morlet, N. (2016). A 
validation study comparing self-reported travel diaries and objective data 
obtained from in-vehicle monitoring devices in older drivers with bilateral 
cataract. Accident Analysis & Prevention. 
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., Raja, V.,   
& Morlet, N. (submitted). An examination of driving exposure, habits and 
adverse events in older drivers with bilateral cataract using naturalistic driving 
data.  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Chow, K. C., Ng, J. Q., Raja, 
V., & Morlet, N. (2017). Do older drivers with bilateral cataract self-regulate 
their driving while waiting for first eye cataract surgery? Clinical Interventions 
in Aging, 12, 1911.  
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., & Raja, V. 
(accepted for publication on 06/02/2018). First and second eye cataract surgery 
and driver self-regulation among older drivers with bilateral cataract: a 
prospective cohort study. BMC Geriatrics. 
Seraina Agramunt, PhD candidate   
I, Michelle Fraser, as a Co-Author, endorse that this level of contribution by the 
candidate indicated above is appropriate.  
Michelle Fraser     ……………………………....  
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L.5 Co-Author: Professor Nigel Morlet 
To Whom It May Concern 
I, Seraina Agramunt, contributed to data collection, analysis, and interpretation of data, 
drafting, revising and approving the following manuscripts entitled:  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Morlet, N., Chow, K. C., & Ng, 
J. Q. (2016). Bilateral cataract, crash risk, driving performance, and self-
regulation practices among older drivers. Journal of Cataract & Refractive 
Surgery, 42(5), 788-794. 
- Agramunt, S., Meuleners, L., Chow, K. C., Ng, J. Q., & Morlet, N. (2016). A 
validation study comparing self-reported travel diaries and objective data 
obtained from in-vehicle monitoring devices in older drivers with bilateral 
cataract. Accident Analysis & Prevention. 
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., Raja, V., 
& Morlet, N. (submitted). An examination of driving exposure, habits and 
adverse events in older drivers with bilateral cataract using naturalistic driving 
data.  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Chow, K. C., Ng, J. Q., Raja, 
V., & Morlet, N. (2017). Do older drivers with bilateral cataract self-regulate 
their driving while waiting for first eye cataract surgery? Clinical Interventions 
in Aging, 12, 1911.  
Seraina Agramunt, PhD candidate    
I, Professor Nigel Morlet, as a Co-Author, endorse that this level of contribution by 
the candidate indicated above is appropriate.  
Professor Nigel Morlet   
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L.6 Co-Author: Doctor Vignesh Raja 
To Whom It May Concern 
I, Seraina Agramunt, contributed to data collection, analysis, and interpretation of data, 
drafting, revising and approving the following manuscripts entitled:  
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., Raja, V., 
& Morlet, N. (submitted). An examination of driving exposure, habits and 
adverse events in older drivers with bilateral cataract using naturalistic driving 
data.  
- Agramunt, S., Meuleners, L. B., Fraser, M. L., Chow, K. C., Ng, J. Q., Raja, 
V., & Morlet, N. (2017). Do older drivers with bilateral cataract self-regulate 
their driving while waiting for first eye cataract surgery? Clinical Interventions 
in Aging, 12, 1911.  
- Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., & Raja, V. 
(accepted for publication on 06/02/2018). First and second eye cataract surgery 
and driver self-regulation among older drivers with bilateral cataract: a 
prospective cohort study. BMC Geriatrics. 
Seraina Agramunt, PhD candidate  
  
I, Doctor Vignesh Raja, as a Co-Author, endorse that this level of contribution by the 
candidate indicated above is appropriate.  
Doctor Vignesh Raja    
  
 
 
